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PEEFACE. 



The wonderM agency commonly designated by the 
somewhat mysterious term, "Galvanism," has for a long 
series of yeara continued to awaken a popular and 

intense interest in almost every country. Its phenomena, 
bordering to a' certain extent on the marvellous, and 
liaviiig an apparent and intimate connection with the vital 
priiici])le, has necessarily given it additional and very 
popular claims to general consideration. It is, however, 
in. modern times only that this agency, under the form of 
Voltaic Electricity, has received a real value, and has 
become of practical importance. Galvanism, considered 
as an occbU and obscure section of Physics, has gradually 
resolved itself into a branch of Electricity; all its effects 
on the auimal frame have been shown to depend on 
electrical powers obedient to certain laws, and so far 
reducible to the conditions of a science. To arrange, 
classify, and pursue systematically the march of this 
interesting depaitmeut of knowledge, is the object of 



viii PHEFACE. 

this Eudimcntary Woik. Being an Elementary Treatise, 
intended for the use of Students, it is necessarily simple in 
its scientific character, and must consequently be expected 
to contain much with which the scientific world is already 
familiar. The Author, however, is still disposed to believe, 
that, whilst carrying out the great purpose of these 
Brudimentary Treatises, viz., the diffusion of oseM 
elementary learning, he has not altogether fiiiled in 
treating the subject under an original form, or in the 
production of many new facts not before made public. 

It has been the Author's deaire> so to beat and comhine 
the various interesting questions which have arisen under 
the respective denominations of " Galvanism," " Animal," 
and " Voltaic Electricity," as not only to' be of advantage 
to the student, but also to some exteut useful to those 
advanced in a knowledge of general Physics, and so far to 
render the work not altogether unworthy of the attention 
of the scientific world generally. 
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RUDIMENTARY GALVANISM. 

ANIMAL AND VOLTAIC ELECTBICITY. 



CHAPTER I. 

Electrieal Piah — Firet vi&ws of Animsl Electricitf—Discorery and theory 
of Galvani— InveatigatioiiB and theory of Volta— The Volbuc larole 
and Electio-rootion — Electricity of oautact — Slectro-motiTO force and 
direcUou m the Tolbuc circle — Varioiu Hectto-motive combinatioDB of 
dry and moist Condnctors — Coirent fbrce. 

1. Tus faculty poBsesaed hy a certain species of ray, a fiat - 
fisli, found on the sbores of the Heditertanflan, of commu- 
nicating a numlnng sensation Trhen handled by the Saber- 
man, or even at a distance, through the medium of their 
nets, has been circumstantially recorded by the Greek and 
JSoman philosophers in the early periods of the bistdry 
of science. Thia fish was called by the Greeks "Nn/woj,'* 
from NapKoai, to "stupify;" it was termed by the Latins 
" Torpedo," from the verb " torpeo," to benumb : the pheno- 
mena vere supposed to arise out of ceiiain firigoriSc 
particles evolved by the fisb/ It ivaa not, however, until 

* Aristotle sa;a, "The torpedo conceale itself in sand and mnd, and 
when fish approach which it would make its prer, it first beunmba than, and 
then devours them." Hefartker adds, that "itdoesnotconGnsthialnfliction. 
to ita prey, bnt it is enabled to bennmb even men." Plutarch also Mmadu 
that tiie inwer of the torpedo not only stiffeiu thoae who tench it, bnt it 
trtea inffiott nnmbness on the hands of the captors 'through thdr nets. 
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electricity liad made soroc progreas as a department 
of science, that this -wonderful physiological phenomenon 
began to be at all understood We owe to the labours 
of Walah, a British philosopher, who undertook tbe 
mvesfcigation of this subject in the year 1772, the first 
demonstration, by physical experiment, that the numbing 
sensation communicated by the torpedo is no other than 
a modification of the ordinary electrical shock, as previously 
conjectured by Dr. Bancroft.* "Walsh's experiments made 
at tbe lie of E^, at La Eochelle iu France, in July, 1772, 
win be found in the 63rd vol. of the Phil. Transactions 
of the Eoyal Society. He there shows, that not only the 
shock, but the numbing sensation which the animal acpme- 
times dispenses, ezpressed in iEVeneh by the words " engovf' 
XttemM," and "JburmUment," may be ■eaiiciil7 jmiteted 
irith 1^ L^ydan phial, bymeanBof eleetrometmit 
the regulating rod of irhiofa, to produce fhe latter effbct, 
must be brought almoBt into contact vith the prime con- 
ductor which joins the pbid. He further refers this nin g nl n r 
power of the torpedo to a double set of organs, under the 
control of the animal, and shows that its upper and lower 
surfaces, viz., the back and breast, are in opposite states <Kf* 
electricity : when a conducting communicatioii is establiidMMt 
between these surfaces through the human body, a shoc^ is 
felt similar to that of the Leyden jar. This shock is trans- 
mitted freely by conductors, and impeded by non-conductors 
of electricity. Cavendish, in 1775,J and Dr. Davy, at a 
more recent period, 1832, § have both confirmed Walsh's 

?lato, FliiVi (Soen, and oAer aoinent pUIoeophers of past times, all 
make mentioa of Hub emiiniB fiab. Alexander of ApbrodiaiaB, Oppiauos, 
and ofiier cS tlie more recent Gteek 'writeca of (he second centmy, speak of 
the torpedo, and Bt,j titat "it bennmbH or shocks the body through a line 
orrod." TheophnBtnBRtKtos that the torpedo "can send its ahockthrongh 
-liaipoons flo u to produce toipar in ttoee vho have them in tiieir haads." 

* Hat. Hiat. of Sniana, p. 194. f BadiinCBt. Bkott p. 108. 

t fldl. Ttm, ftr'1776. S ^hU' ^irtaa. 18SS^ p. Zli. 
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eiperimentB, whilst Matteneci in out own time has obtained 
sparks from it; no doubt therefore remains of the electrical 
numlaiig pwperfcy of this species of ray. 
■ 2. Beside the torpedo, we find some other kinds of fish 
posBessiug a similar power. Amongst these, we have to 
notice more especially a peculiar species of fresh-water eel, 
found in the rivers of Surinam and Bengal, and termed the 
electrical eel, or gytnnotus eleetricus. A specimen of this 
eel, more than three feet in length, was carefully preserved, 
between the yeaxB 1838 and 1842, in the apartments of the 
Adelaide Oallery, in London. J'araday, who subjected this 
wonderfnl fish to experiment, observed, that at the instant 
at which it exerted its force, all the water and conducting 
matter EOirreiinding the fish became filled with electricity, so 
that almost any nnmber of persons dipping thedr hands in 
the wtter of the tub in whioh the eel amm, reeeired at &q 
same snomeid; a wrere skiok.* 

S. 33te fsctnur&aif &oiilfy of these eledxieat fi^, and 
whidi Vb.ej«SBteiBe as su aot ottdS&m, oasmab hat be eon- 
sideredas one of l^emost engagoig pheaGonem in ■^obdaity 
and physiolo^ ; ne faere faebeU netnnu power tesnsfermed, 
as it were, into eleotrieal force, bo fax pointing to the oon^ 
elusion that all animals are more or less endowed with a 
species of nervous agency intimately associated with electrical 
action, — perhaps with vitality itself. The surpriaing discovery 
of the German and Dutch philosophers in l746,t by which 
we are enabled to subject the animal frame to a peculiar and 
numbing shock, is apparently another and very important 
link in the chain of faets assooistiag these two prindpleB, 
and tending to connect Btill more intimate^ eleotaic^ agency 
with animal life. 

4. About the year 1 789, not quite one half a century after 
the brilliant discovery of the Leyden jar, Aloysii Qalvani, 
a professor of Anatomy at Bologna, Burprised the philo- 



* Bq). SeseaishfiB (17U). f Sodbiuiit..Sl«ok, p. 78. (£9.) 
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Bophical world by a further and most important BdvaDce 
in this department of physics. The attention of this 
celebrated anatomist iras called to the fact, that the 
muscles and limbs of a frog receatly dissected, became 
spasmodic and convulsed when eiposed, uuder certain 
conditions, to the influence of sparks drawn from an 
electrical machine. As is not unfrequently the case, this 
phenomenon, so stupendous in its iufluence, in other 
hands, upon tlic future interests of mankind, was really 
iiccideutally observed; so true it is, that in cultivating the 
field of science, what we iiiid is often more valuable than 
that which we seek. One of the professor's assistants 
happened, as it appears, to touch with the point of a 
scalpel the erurnl nerve of a frog recently dissected, just 
at the moment of the excitation of an electrical machine, 
preparing in the same apartment for experiment: imme- 
diately the whole limb of the animal became convulsed. 
Madame Galvani, an intelligent lady, being present, and 
for whose medical diet, it is said, the frogs were in- 
tended, directed her attention to the circumstance, and 
further observed that the convalsiTe movemeDts invariably 
occQtred at the instant sparks were being drawn from the 
conductor of the machine ; of this &ot she ran to inCorin 
her hasband, who speedily convinced himself of the 
accnnw^ of her observation ; and immediately commenced 
a laborious examination of the causes of the phenmnenon. 
Afber repeatmg and vacying the experiment in a most 
elaborate way, be amionnced to the ad^tafic world, 
his conviction of the discovery of aa " animal electricity," 
properiy so called — or, in other words, that all animals 
are endowed with an inherent constitutional electricity, 
secreted by the brain and distributed through the nervous 
system, the principal reservoirs being tho muscles, and each 
muscular fibre a sort of Leyden jar.* Although this 

■DevMbiueleatridtotiainiiit^mlucnlftrieaDineDtaiiiu. Bobgim, 1791. 
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extraordinary ausouucemeiit was clearly a piece of pure, 
unBubstantiafced hypothesis, yet was it received with 
enthusiasm throughout Italy. 

5. The following are some of the leading and elementary 
eiperiments upon which G-alvani based his very plausible 
and engaging theory — a theory which fascinated and led 
fiway captive the Italian physiologists of the day, and 
brought the dictates of the mind and the power of thoiight 
under the dominion of an electrical vitality, operating upoji 
the whole animal economy by means of the organs of the 
brain, and the nervous system generally ; here then waa the 
real "nervous fluid," to which hitherto they had ascribed 
the phenomena of animd life. 

Exp, 1. In the annexed fig. 1, we have Fig. 1. 
s diagram of the dissected frog, as pre- 
pared by Galvani. The head and upper 
extremities are cut away, and the skin 
removed from the lower extremities; s 
is a remaining portion of the vertebras 
of the spine ; n n, the exposed nerves by 
which it is attached to the thighs and 
legs ; p ia a conductor either connected 
with or near the spinal nerves n n and 
. K auotiher conductor, either connected 
with or neax tbe rausclea v. 

Spasmodic contiacHona take plaoe in tlie muscles of the 
lower extremities, !c, and lively movementB in tlie lege, 
whenever sparks from the deobical macliiiie pass lietween 
the conductors p v, and intwmediate muscolar parts <£ 
the fsQQ. 

- Similar spasmodic morements and conTuluons ensue on- 
drawing sparks from the c<mductor of the machine, at a 
ditbmce from the conductors p s. . 

6hilvani called the mnductor p, in oommunicatian with 
the nerres n », or near them, the nerve conductor, and the 
condtictor n, the muscular conductor. It was found 
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desirable to eoimeoi the mnscoUr condaotor ir -witii the 
eortli; iiiaimda^tbewoummutonceB that the- lege xerinoe 
the most lively motiona. 

Instead of merety tonehiug or directing the 
conductors f ir towarda the exposed nerres and muscles, 
let tiie nerves be coated with a metal, or placed in com- 
plete contact ivith it, and another coating or contact of a 
different metal be given to the muscles : convulsive move- 
ments occur whenever the two in(>tftllic rnatings are joined 
by a tliird metallic Bubstauce, without auy aid from artificial 
electricity, as 'in the last experiment. Let for example, 
s a, fig. 2, be the exposed nen'es, lead- 
ing to the lower extremity, and which have 
hsen enveloped in a leaf of silver, 8 a. Let 
the muscles of the thighs repose on a plate 
of zinc, z } when a metallic wire a £ is made 
to join tlie silver and zinc, all the lower 
extremities of the firog become convulsed. 
To use Galvani'a own description : " If," 
says he, "you lay bare the sciatic nerve of 
a frog, remove the integument, and place the 
nerve on a piece of zinc ; and if further you 
place a muscle on a piece of gold, and then connect these 
different metals by any conducting aubatanoe, contractions 
are immediately produced. If, however, non-conductors are 
used to connect the metals, contractiona are not excited." 

6, Galvoni was led to this new discovery by the mere 
accident of sn^nding his prepared froga from the iron 
balcimy of hia terrace, by means of a metallic hook paased 
' through parts of the dorsal colanin. He foond ccamilsiTe 
oontoactioiw in the lindM, whenerver the rausdefl came in 
contact v^ik the iron, or iha SeeA touched the balotmy. 
His escplanatdon of this pheoaomenon vas, that the animal 
electridty- of the frog ia decomposed at the junction of the 
nerves and muscles, that the positive eleotridty goes to the 
nerves, and the negative electricity to the muaoles ; that in 
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fiuifc there is virtually electiioBl dtscbairge, umilar in bind 
bat differing in degree, to tliat of the electrical jar, the 
neorre and muscle beiDg representative of the metallic 
coating on the ghtsa. 

lExp. 8. The nervea being cut off close to the spine, they 
are gently raised up on a thread of glass, and let down 
on one of the exposed muscles of the thigh. By this 
contact the limb becomes convulsed. In this experiment, 
we perceive muscular contractions arise, similar to those 
described Exp. 1, without the aid either of artificial 
electricity or simple metallic combinatiou, but by the mere 
contact of different parts of the same animal ; a result which 
went still further to confirm Galvani's hypotlieais of a true 
animal electricity. Tbis supposed animal electricity, Galvani 
further traced to all cold-blooded animals, and finally to 
warm-blooded animals; and he endeavoured to show that 
continual streams of electricity flow from one part of a 
living organised being to another, so long as a remnant of 
vitality remains. Cold-blooded animals, such as frogs and 
fish, retain the power of convulsive movement after death 
Longer than others. 

Such are the leading elementary experiments upon 
which the very engaging doctrine of animal electricity ia 
founded, as taught by Galvani ; and although the attention 
of this distinguished anatomist and philosopher had been so 
little directed to the operations of electrical power, as to 
lead him to pass by the true source of the results to be 
obtained, still we cannot but admire the singular and unwea- 
ried ability with vhieh he pursued hia repeated inqoiries, 
and bis extiaordinary fkonlty of parceptiim in treating the 
several pbenomana> as they sprang np from time to time 
under his bands. 

7. Oalvaoi's tbeoiy of '^ammal electricity," and to wbidf 
be always adhered, although, as already obsenred, at first 
reoetred with moch enthasia8m,.did not continue to cany 
eflUTictioii to tiie minde of maoy eminent philosophen, 
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more intimately acqoatated vibh the mtoie of electrical 
action. Amongst these was tlie celebrated Volta, Froreaaor 
of natural philoaoplij at Paria, viho eorefullj inrestigated 
Clalrani's recent discoveriea ; and notwithstanding that, at 
first he was disposed, to adopt Galvani'a views, he fbund 
himself obliged eventually to abandon them as being un- 
tenable upon the priociplra of sound indactive science. 
Volta may be considered as the giant corrector and inves- 
tigator of nil Gnlvani bad accomplished, and as having 
given, by his itingiiificent inventive power and independence 
of philo-sopliical tliouglit, an impetus to this branch of 
pliysics, such aa must ever immortalise' his name. His 
electro-motive pile, as lie himself consideted it (27), is a 
piece of electrical apparatus, from which ail the great dis- 
coveries of modem times have emanated, ntid witii which the 
acieutific world is now so familiar. But for tins apparatus, 
we might still have rem aiaed in ignorance of the chemical 
constitution of tlie alkalis and nnmerous other substances, 
those most astonishing transmissions of thought by tele- 
grnpliic wires would probably have never ariaea, nor should 
we have been in a position to estimate with any degi:ee of 
probability the intimate relation subsisting between the 
agencies of electricity and magnetiam. 

8. On repeating the galvanic experiments just described, 
Volta is led to remark, that had Galvani been aware of the 
power of electrical spai-lts to excite muscular contractions, he 
would not have been so greatly astonished at the plienomeuon 
he first observed (4). Tlie dissected frog was really under 
the influence of electricity, induced in the surrounding matter 
by the operation of the electrical machine. To comprehend 
this fully, the student haa only to refer to our Rudimentary 
Electricity (20), where the nature of what has been termed 
*' electrical induction " is fully explained. It may, however, 
still be desirable to iilustrate the nature of tiie inductive 
action operative in this particular case. The annexed fig. 3 
represents an electrical lurangement calculated to detect the 
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indaotiTe aotioa of free elecfcricily opersting at a distaDce. 
Let A. represent sboat five aqiun ineheB oS coated glass,* 
mounted on an insulator, h, and placed between two 
horizontal t^ires, ah,od, also inaulated, and tarminaldiig in 
minute brass balle, two of 
wfaicb, b c, are brought very 
near tbe coating on opposite 
sides of the glass ; n a and p d 
are conducting wires, connect- 
ing the horizontal wires with 
the floor, or table, or tbe wall, 
in some point of a room distant 
from an electrical machine 
in action. When, powerful 

Bpiti'kfl arc taken from tlie conductor of the machine, minute 
streams of electricity will appear to pass between the balls, 
c fi, and the near coating of the glass, so tliat after a short 
time the coated glass .will liave received a weak charge. 1£ 
we now turn tiie glass aside, by means of a hinge joint at h, 
we may examine the electricity of t!ie coatiuga by an ordi- 
nary electrometer, and tlius detect the electrical state of tbe 
apartment in the poiut of the room in which tho apparatus 
has been placed. t Now, the glass a ia placed precisely 
under tbe same conditions aa those of the frog in Galvani's 
laboratory ; and since the frog ia highly sensitive of electrical 
irritation, we here see demonstratively the immediate source 
of the muscular contractions. It was not, therefore, so 
immediately from the first observation and experiment of 
GMvaui (4) that our present extended knowledge of the 
laws and operation of electricity as a great natural ageney 
has been derived ; it is rather to his second experiment (5), 

• Coated glass. See Bud. Elect, (fii). 

t We me indeLted Iti Mr. J. N, Heaider, of Plyiuoutl, Lecturer "on 
NatuTBl Philoaoph^, for this ingenious experiment. He employs genei«lly 
a uiullliejrdeu ju, well itunlatad, or &a electrcmeter yti candesBer. Ilie 
flatMoftiwlattoisna Bolntitata fis tiio eoated ^a». 

B 8 
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in -whwh he obtnmed mufleukr coatiactioBB. 'by swtdlic 
ccnrtact, vhilioiili tMe aid oteomaum deeliritn^, tbaiire owa 
the astonisbing reBuHa of modem resesrohea in tiiicbmidi 
science. In foct, the passage of a feey nnaU qoantiiy ctf 

ordinary electricity through the nerves ftS OBy animal ia 
generally productive of tremulous muscular motion and 
spasmodic contractions, and this occurs not only in living 
animals, but in animala recently killed. Cold-blooded ani- 
mals, such as froga and fish, are the most sensitive of electrical 
irritation, and they retain this sensitive property a long 
time after death. The lizard, also, ia especially sensible of 
weak electrical action. 

. 9. On r^eatiug Galvani's experiment, Volta first endea- 
voured to ascertain what was the least electrical force ot 
whieb the frog was sensible, either in perfect life, or as pre- 
pared by Galvani after recent death, and be found it coin 
vulsed by the action of a small electrical jar so weakly 
charged as not to afiPect a delicate straw electrometer. 
Convulsions were obtained in a dissected frog by a jar, the 
charge of which did not affect his condenser.* So that in 
the frog, ae prepared by CWvani (5), we have an electroscope 
of most extraordinaiy susceptibility. A further critical 
oramination of G-alvani's second experiment (5) shows that 
the contractions in the muscular fibre depend on a feeble 
action derived from the metals with which the nerves and 
muscles are brongfab into contact ; a discovery which led to a 
new Ixw of eleotricify, altogether indepwdent of Clalvani^B 
animal eleetxicHy, and wh«^ Yolta thus briefly stated. 

10. The contsef; of dilfenait ccmduoting snbstmioefl, eqte- 
cnttf of metahf, cGstoibsfheeztatn^atateordiBtRlnitiffliof 
iihs e^cfcriialy found in the comtitatitni t£ emty Idiid of 
BubBtance, and gives it a sort of impulse or tendency to move 
in a certain direction. This impulse is ^"erent in the con- 
tact of diflbrent bodies. Take, for example, three conducting 

» "OcBdMiMr," Bnd. BImL (iS). 
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snbstaQcee, A B c. The impulsive power is different in 
amount when, conductor a. ia brouglit to touch conductor b, 
thim -trhen placed in contact with conductor o. It ia to 
ha here remarked that tlie derdopment electricity by the 
cctntacit of diffennti mfital% Itad been alieadj annouseed 1^ 
Bennett, who termed it " adhemTe deetrioify," and eop- 
pOBed it to ze»de in all ctatdnetiiig anbstuieeB.* The 
titeory of.a flow of eleoMcit; by contact, howerar, is due to 
Volta. 

Now it is 1^ apontimeoua eleeteioity, ariaiag &om the 
diBtorbed. electrical atste of the metals by their contact, wHoh 
causes, aecwding to ToLta, the muBcukr conTulaions of the 
diaaected irog, aa obsarred in Galvaui's second experi- 
ment (6), Qalrtmi's third experiment (6) may be shown 
to depend on a similar cause, substituting moist for dry 
metallic conductors. The following eiperimenta are BofS- 
ciently illustrative of this sort of electrical action. 

Sj^p. 4. A Btnall leaf of tin ia fixed by paste to the back 
of a living frop;, and a piece of silver plate ia applied under 
the thighs, so aa to admit of gliding the plate along the 
animal, under gentle preaeure, until it comes in contact 
with the leaf of tin on the back. Directly the silver touches 
the tin thetrog becomes convulsed, and spasmodic contrac- 
tions of the muscles instantly arise, 

^xp. 5. The iachiatie nerve of a dog or lamb being exposed 
just below its inserldon in the thigh, convulsive motions 
arise, cm. placing two pieces of metal on the norve, at a ahorfi 
distance from each other, and then uniting thna in eoadact- 
iag contact through the medium of a metallic wire or an^ aa 
i^treMBtod ia fig. 2. 

11. Yolte repeated and varied this kind of experimntt in 
different ways, and extended it to lizards, salamanders, seis 
peots, turtiies, various Mads of fish, qnadnrpeds, and birds, 
and alvrays with the same reanlt. Not only were the resnlta 

* Hinr Bipoimenta <ta BUcCridfy, bf the Bov. A. Bamet, F.B.B. r J. 
Srewir, Serl^, 1760. 
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ceitain in opeiatai^ upon entire aninials, bat also nptm for- 
tioQB of auimitls. lasotnecoaeBjagrunof goldwossnfficient 
to elicit electrical impulse through tbe nerra. He did not 
sneceed with bduIs, Blags, oysters, and certain spedes'c^ oa- 
tOTpillars, but he obtained mnacular contractiona in beetles, 
-grasshoppers, butterflies, and common flies ; also in lobsters. 

An electrical discharge from nerre to muscle, or musde 
to nerve, is not at tdl essential to the Buccess of the experi- 
ment ; hence the analogy of Ghdvani between the nerve and 
mnsd^ and iha coatinge of the electrical jar (4), is untenable. 
It further appeared that the muscles of animals under the 
control of the will were those principally afiected by this 
speciea of metallic electricity. Muscles, such as the heart, 
not under tlie control of the animal, ivere found very slow, 
if not altogether insensible, to the electrical disturbance. 
In any case it ia not by irritating the muscle, but by stimu- 
lating the neves, that spasmodic contractions are produced.* 

12. The substancca we term conductors of electricity, and 
by the aid of which spasmodic and convulaive motions arc 
thus excited in living animal bodies, have been divided into 
two classes, distinguished principally by the terms Dry and 
Moist. JOry conductors are : all tlie metals, charcoal, pyrites, 
and other minerals ; Moint conductors are : water, vegetable, 
and mineral acida, saline and other fluids. Simple contact be- 
tween combinations of conductors of each class gives rise to 
what has been called electro-motive force, produced by dis- 
turbing and impelling in a given direction the natural electri- 
city which the substances are supposed to contain. The most 
simple and effective arrangement ia a triangular series of. 
three conductors, differing in hind and degree of power. We 
either put a dry conductor between two moist conductors, or 

' Galvani himseir apiieais to ham entertained &t £nA Hone ide» of, 
a metallic electricity. He was cerbunfy not altogether ignonnt of it^ as 
appears I; the following notice, wrlttm in liis own Imnd on tbe mver ti t, 
nsnnsoiipt journal, dato 1T8S : " Espeiimenta circa I'Sketri^ti di 
UotAlIa." 
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ft moirt conductor between two dry conduetors, the two nunit 
or dry cooductora being dilforakt Bubstauoefl, <a otherwise 
three moist oondnctors difiering esBenttallj- in kind are 
aasoeiated. We hove in eS^se cue, according to Yolta, 
a 8ort of eleofcro-motive cinxtbttion through the system, 
hy an impulsion either to the right or to the left, 
aooording to the nature of the oombin&tion aud the par- 
tiouhir sabBtaocea in contact. The fi}Uowing diagrams 
are intended to designate these demeQtai7 combinationB, 
the dry condoetora being represented by a lozange-shi^ed 
figure, the moist oonductora by a cnrviliiiGar figure. 




Pig. 4, for example, designates a voltaic combination of 
two first-closa and one second class conductor. In fig. 5 
we have a combination of two second-class conductors with 
one first-class. Fig. 6 represents a combination of three 
moist conductors only. The first arrangement (fig. 4) is 
the most powerful, the last (fig. G) the least powerful. In 
either case we obtain, on Volta'a hypothesis, a sort of 
electrical cii'culation. Tlie series has been hence consi- 
dered 03 circular, and the arrangement has been hence 
termed a voltaic circle, sometimes a galvanic circle. 

13, We may in these combinations either consider the 
contact of the two first class conductors (fig. 4) aa the source 
of the electro-motion, or otherwise the contact of the first 
and second-class conductors (fig. 4 and 5) as the soui-ce of 
it ; or, we may refer the electro- motion to the contact of 
tltree conductors of the second class, differing essentially in 
kind, OS in fig. 6. In referring the electro-motion to the 
contact of conductors of the first and aecond-class in the 
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combination (fig. 4), ttb have two actions to consider — for 
example, at points b and o ; whereas in referring the result to 
the aimple contact of the metala at point a, ve have only one 
aetion to coniideE. Ydt* was led finallj to adopt this latter 
view, and to ooouder the eoDiaot with the &st and eeemSr 
claas epnductoHi at pmnta i and 0 aa of aaeondarj^ momenl^ 
and aa mertdj taevbig to tranamit &iB diatuxbed ekotao^fjr 
of the metala. The comlnnatifHUi repteeented, (figa. 6 and 6), 
however, in viadk electeo-motum ODHoes wifchoct the ^teeeaoe 
of two metals, or withoot any metaUie agaacy , tlirowa awiona 
difSculty in the wayof Volta'aconolaaioii. It is eaayio see 
that fig. 5 is really the converse of fig. 4, and that any l^po- 
thesis we invent must necessarily comprise botheasea. Tolta 
was obliged, therefore, to adopt eventually a more liberal 
generalisation, and to admit that electro-motion is excited 
by the mutual contact of conductors generally, whether fluid 
or solid.* So that Volta's hypothesis, aa thus modified, is this 
— the contact of conductors gcnernlly is a source of electrical 
disturbance, but the disturbance is more especialiy the result 
, of the contact of metallic bodies. In some very valuable 
and recent modem experiments by E^arsten, the electro- 
motive power of the voltaic circle is traced to the contact of 
the dry and moist conductors. A metallic substance, for 
example, when immersed in a liquid, becomes poaitively 
electrified. If it be partially immersed, the parts acquire 
opposite electrical states, Pedet also has shown that electro- 
motion may ensue either from the contact of two metala, or 
from the contact of metals with liquids, or from the contact 
of liquids only. Pinally, it may arise by the operation of 
these three canses united.t 

14. Admitting these views of voltaic action, it becomea 
Tequistte to veri^ by eqieriment the great gensial pcmciple 
upon which ToltftbMee- his hypotheede, nz.,tiiadard0pment 
elootries^ l>7 iiMmeite coatoot of metab ; and bi further 

• PML TnuiB, for 1800. 

+ Betquerel, Tn^t€ denfeotai^ and AnBirwof Xbofaid^, t, i. 
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uoertuQ in wbat ^reotiea the impabe becomes diEected, 
m M to AeAearaeaa tiie preoiae oourse of the ciccnlstion in 
tJhe oomhinatiaiu indie&ted ia fi^. 4, S, and & "With thia 
view reseated io the following eoorse of espariioent — 
Sap. 6, PFOcore two flat clean circokr discs c£ differeoot 
metab, silrer and zia^^ or oi^per and sine, about Fig. 7. 
S or 10 indies diameter. Insulate each on a 
slender and veU-vamished rod of glass, as repre- 
sented in the annexed £g. 7. -A-pply their Sat 
surfaces to each other with very gentle pressure, ' 
holding each plate by its insulating handle. i '■ ' 
Separate the two discs, after contact, by a 
dexterous, simultaneous, and parallel movement 
one from the other, and then apply either of them 
to an extremely delicate electroscope. Both. will evince aigna 
Fig. 8. of free electricity. The single gold-le«t 

electroscope, fig. 8, is well adapted to 
this experimental purpose. One of the 
discs sliould be applied to the leaf through 
the plate p, the other to the fixed ball 
through fl. Proceed now to test the 
quality of the electricity hy means of the 
double leaf electroscope, fig. 9, slightlj 
charged with vitreous electricity ; it will pig, 9, 
be found that the silver or copper pktc 
tends to decrease the divergence, and the 
eino plate to increase the divergence of the 
leaves. The reverse of this occurs if the 
dectrometer be weakly chained with re- 
sinous electricity. The conclusion, there- 
fore, is, that the zinc has been positively 
electrified by the contact, and i^e copper 
negatively, so that some ele^rici^ mnst 
bare flowed from the copper or aibrer plate 
upon the amo plate.* 

* For riugle.uid double eteotrosoape see Bud. Bleat., Chap. 
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Tolta'ooDceLves tliat the metallic discs employed ia tbiB 
experiment are not only motors of electricity, but tlut in 
brin^g their extenrivc soi&ceB together, they fiuther 
operate as condenflerB. He did not find it requisite to 
make a perfect contact in every part ; provided the metals 
touched in a Sew points it was sufficient. 

15. The jM^ceding ezperimeDt xequir^ eztx«ne deLicacy 
of manipulatiou ; it is not always at the command of 
the student, beside that the electrical indicataou is v^y 
small. It 18 hence desirable to multiply the eSbct so far as 
possible by the aid of the condenser. The following is the 
esperiineut as carried out by Volta. 

£!a^. 7. In the preceding, fig. 9, £ ia a very delicate 
electroscope of divei^noe, m and A two light circular con- 
ducting discs, one m, placed oji the cap of the electroscope^ 
the other h, having an insulating handle j, ia Buperposed 
upon this ; the discs are preserved at a very amall distance 
Irom each other by any intermediate non-conducting 
substance ; such, for example, as a spot or two of sealing- 
war on the iower plate. 

The electroscope being thus arranged, we bring the metal- 
lic plates (iig. 7) into contact as before, and al'tyr separating 
them, touch the coiideuslug plates tn Ji, one witli the ziuc disc, 
the other with the copper, repeat this process ten or twelve 
times, then raise the plate /i by its insulating handle y, and 
the electroscope E will diverge with positive or negati\'e elec- 
tricity, according to the particular metal disc applied to the 
plate m. Tiius zinc will give positive, and copper negative, 
electricity. The single leaf electroscope just adverted to 
(fig. 8) may be employed with advantage in conjunction 
with condonsera, one in communication with the plate p, 
another with the rod n. The electricity of the copper and 
zinc plates would be thus freely developed at the same time. 
In this way it may be shown, experimentally, that any two 
diHimilflr metals evince electrical signs after contact and 
separatiou. 
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Ihe following are interesting mod ili cations of ToHa'a 
original experiments just quoted, (i and 7 : — 

Let the coadeusing and collecting plates A m (^M^. 7, 
fij. 9), be two zinc pktea. Toucli the lower plate m with 
!i coppei' plate held in one hand, and the zinc plate k 
nt the same time with a finger of the other hand : now pro- 
ceed to raise the upper plate 7* by its iiisdutiiig hamilu z, 
and the electroscope, if sufficiently delicate, will diverge 
■with positive electricity. 

Positive electricity, therefore, haa floved from the copper 
npon tlie zinc. 

Lut tlie fondensiug and collecting plates m k he now 
two copper phttea. Touch the lower plate ia this ease with 
a zinc plate, and the upper plate with the finger as before ; 
raise now the upper phite h, and the electroscope will diverge 
with negative electricity. 

Negative electricity, therefore, maybe said to have passed 
from the zinc upon the copper, or we may imagine that posi- 
tive electricity has flowed from the copper as before.* 

16. The order of the respective electro-motive energies 
of various metals amongst each other aa determined ' by 
Volta is: silver, copper, iron, tin, lead, zinc; that ia to 
say, silver would cause electricity to move toward copper, 
and the metals which follow it ; copper, toward iron, 
and the following metaU; iron toward tin, and so on. 
And -since idlrer is fotmd at one extreme of the series 
and zinc at the other, the most poweifal impulse would 
be between BHver and zinc, after this between copper 
and zinc. An extensive table of this bind may be formed 
includtng other metals — pyntes and charcoal — by which we 
arrive at still more powerful combinations. The following 
order or series has been deduced by Fedet, in which each 
metal is poutive with respect to those which follow, being 
in reverse order to the preceding. ' 

* For otber forms of time experimente, see (fiS^ ob^. iii. 
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Zmo, lead, Ion, bionuth, a&timoi^, irm, eopper, gold. 
In tluB Bflpifls jsino tskett eleclTicit7irom lead, lead from tm, 
till from bbmiith, and so oiu 

17. The great theore1»flBl aBsninptioii upon vhioh aU this 
rests, ia, that the agency we iena electricity is distributed 
in bodies throughout the material irorid in qnootitiee pro- 
portionate to their attractions tor it, oalled by FMtieT 
inherent specific capacity ; so diffiaent aubatanees are 
said to bare di&rent electrical capacitdeB. Now, when two 
metaJa are brought into eontat^ thai xecg;»eokive attractions 
for electricity are changed ; one can contain mor^ the other 
not so much as in ita previous state— hence a new distribu- 
tion of the electricity natural to the two metals ensues. 
"When we separate or withdraw the bodies from each other's 
influence, we reBtore the previous attractions of each, whilst 
the new dbtribution remains ; consequeutly one will appear 
to be electrified poaitively or to be overcharged, the other 
negatively or to be undercharged. 

This understood, let us now see, upon this hypothesiB, 
what would be the direction in which the electricity would 
circulate iu a combination of two first-class and one 
second-class condactor, as represented in fig. 4. la the 
annexed fig. 10, let z be a plate of zinc, and o a plate of 
copper, and let w be a fluid conductor 
in combination with these metals, the 
three bodies touching in points o, i, c. 
Then, since the zinc z takes electricity 
from the eopper c (14), we obtain 
electro-motion in direction a, b, c; so 
that the circulation through the fluid, 
ytf or Bectrnd-elasa conductor, would be from the zinc toward 
the copper, and is the lererse direction above at the point 
of ctmtaob a. Ytdta did not find it requisite to being tiie 
two first^dasa conductors intO' immediate oonta^ at pointa; 
it was suffident if tb^ touched through tbe medium of a 
metallic are, as in Mep^ 3 (S). 
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Tliis source of electiical dishirlwiice would nefnasariljr 
detemune tlie diiectuna of the cireulatiou Triihout any refb- 
Tence to anj minor action at ilie pointa i and c, 

We determiiiB the dixeetdon for the caaeof two conductors 
of the second class vith one of the first, as represented in 
fig. 6, much in the same way ; it being now admitted that 
these pheuomena may result not only from the contact of 
metals solely, but from the contact of metals with liquids, 
or from the contact of liquids tlicmselvca ; and this may be 
extended to fluids and even tu f;;iaeous siibslances. 

18. "We may readily conceivR the second-olaaa conductor 
■w in the above fig. 10, to be the prepared frog of Galvani, 
and z C the metals which different portions of it 

were coated or placed in contact (5). "Whilst in the arrange- 
ment with two second-class conductors (12) (fig, 5), we can 
imderstand the two seeoud-class conductors to be different 
portions of the same frog joined by a metaUio arc, or first- 
class conductor. In either case electro-motion through the 
animal ensues. The third weak combination (12) (fig. 6) may 
be taken to represent three different portions of a prepared 
frog ; the leg, the muscles of the back or ischiatic nerres, 
and the blood or viscous fluids. Here then is Volta's reply 
to the objection that muscular contractions rasj be excited 
without the presence of metal»; ib is, . therefore, as ex- 
planation of the experm^B- (6), .Exp. 8. It ia hence so 
for demonstrable that the muscular spasms obserred by 
GalfBsi do not ame from a communication .of animal 
elaetricity between different parts of the &og proper to the 
animal itadf, but from electro-motiou set by the contact 
of the metals or other heien^jeneous oonduotors employed 
in the experiments. 

Volta's explanation of the phenomenon of spasmodic 
contractions by the contact of muscle and nerve of the 
frog, was simply, this : that any two heterogeneous tiasoes, 
saoh as nerve and mnade, -with axt interposed moist con- 
ductor, constitate an electrical circuit; and that in the 
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case of contractions produced by tlie Liction of a single 
metal, he insisted on the fact, ttiut slight differences in tlie 
condition of the metal itself were always present, and tliat 
these differences could always induce electro-motion. Thus 
he found, that when one extrenuty of a metallic rod was 
dipped in boiling water, the difference of temperature 
between that extremity and the opposite extremity of the 
rod was quite snfKcient to cause tlie two ends to act as it' 
consisting of different metals. Huniboldi-, in confirmation 
of tills view, inferred that homogeneous metals niijrht become 
heterogeneous as regards electro-motion, by the operation 
of alight changes in polish, density, and temperature of 
their different parts. 

19. The following are practical illustrations of eleetro- 
aotive force, by the combination of first and second-class 
conductors. 

8. Fill a tin op silver cup with plain water, and 
place the cup on a zinc plate, moisten the hands or fingers 
and place them, one in contact with the silver cup, the 
other with the zinc plate on which the cup rests ; at the 
^me mDment touch tiie plain water in the cup with the 
tip of the tongue. A peculiar eensation and a saline taste 
trill he immediately experienoed, but which does not arise 
if we taste tiie water without contaot with the metals. 
This then ia a caae of two metals and a moist oondnctor 
(fig. 4). 

9.. Place' a small joeee of dean zinc between the 
upper lip and the gum, so as to sustun it there ; place a 
amall silver coin or plate on the tongue, and then let the 
itinc held under the upper Up desoend so as to touch the 
silver ; a flash of light will be often sensible to the organs 
of vision, and a peculiar D*id taste will be experienced. 
This is again a combination such as represented (12) figs. 4 
and 5. The experiment itself is bjr no means modem ; 
Suifaser, in a work on Sensation,- published in 1787, recites 
a similar experiment ; the nature of the phenomenoo, how- 
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ever, ivns not explained until Volta had diBCOVered the 
electro-niotive action of metals." 

This operation of the voltaic circle ontlie nerves of taste 
may be furtlier traced in the act of drinking fluids out of 
metallic vessels. It ia a familiar observation, that porter 
dranli out of a pewter or silver cup has a higher flavour 
than if taken from a cup of porcelain, which is really the 
fact. We have here a voltaic circle of the second class, re- 
presented (12) fig. 5 ; that is, a series of two moist conductors 
and one dry or metallic conductor. The two moist con- 
ductors are the porter and the saliva of the mouth, and the 
metallic conductor is the pewter or silver cup. 

20. On a further experimental examination of the electro- 
motive force of the voltaic circle, we find very consider- 
able T&riation as to power in the combinatloii o{ firsir-claas 
condnotors with eecond-dfias conductors differing in bind. 
The energy generally of snch combinations is greater in 
proportion as the sut^tances differ from ^h other. ThOB. 
iron in contact, on one side' with watw, on the other side 
with nitrous aoid, ptodaces a powerful effect, especial^ in 
exciting muscular contxaoHons. Silver, which genraally has 
the least energy in common coses of aombin^«ni with moist 
eondoctors, is found a very powerful electro-motor when 
placed between water and sulphuret of potassium. If an are 
of metal tonehes the same flnid conductor at each end, 
then little or no electro-motdon ensues. The second-claas 
conductors must difE^ in kind. 

Since then the power of the voltaic circle varies with the 
combination as to the kind and disposition of the substances 
employed, it becomes requisite to ascertain experimentally 
the particular combinations best suited to our purpose, so 
that the second-class conductors may be disposed according 
to their activity in a given arrangement. 

21. Yolta has distinguished second-class conductors by the 
terms — aqueous, spirituous, mucus, gelatinous, saponaceous, 
saccharioe, saline, acid, alkaline, sulphurous, and suchlike. 
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Acids which are powerful exciters of electro-motion differ 
80 coQsidernbly aa to require careful classification froin 
mineral to vegetable acids ; the same may be said of Bnline 
fiuids, according as they are solutions of neutral salts, earthy, 
or inetallie salts. When we have determined in what order 
all these fluids must be arranged in regard fco their applica- 
tion to metal a or metal B, we shall be then in a position 
to determine the moat powerful combinations for the voltaic 
seriea. 

The order of activity of certain fluids in combination 
with the greater number of metals, as determined by Volta, 
is as follows, beginning with the weakest : — 1, Pure water; 
2. Ohalk and water ; 3. Solution of sugar ; 4. Alcohol ; 
S. Milk; 6. MucnlaginotiB fluids; 7. Animal gelatinous 
fiaidsi 6. TegetaUe acids, including vinegar; 9. Solution 
cfaaltj 10. Obnceatrated mineral acids ; 11. Strong Blfa&- 
linelffjrBimd fluids; 12. Bnlphnret of potassiam, commoi^y 
oalled Um of Bulphur. There are aome Blight exeeptoons 
in the oembmationB <tf solphiaet-of potasBiiim tmd. abo 
uTtmiliM wnA saline floids. 

Wit^ lespeet to the order of tbe metals as reguds 3iese 
flnids, be ftond &i the most energetic, and silver the least, 
except for voter or aay agneous conductor, or snlplniiet of 
potraahmi }' placed beWeen these, silver exceeds all <A!ber 
metals. Of nil tiie metals, zinc appears to be tJie most 
anola'ble -as » posittve metal ; this metal, with gold or 
ehaxcosl, or wit^ edlver, copper, -or tin, in association with 
water acidolated by any mineral acid, yields energetic com- 
binations. The action, however, depends much on tlie acid 
solution employed. 

22. The following are two tables of electrical arrange- 
ments by Sir XL Cav^- ; the first consisting of two first-claas 
with one second-class conductor, the second of two seccmd- 
clasB with one first-class, 
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TABLE 1. (12), Fig. 4. 
Yttiaie eombtnalioni — TVo First-da^i mid one Sccond-clasa Cvndnelor. 





Second Cliun. 




Zinc . . . \ 




' SoliituMiB in T&ter of i — ' 
Sitrioncid. 
Jfoiistie add. 




rOold, Chaicoa], 
1, Hn, IioD, Mereni7. 






Edphnrio aoid. 




retold, Chsrcoal,^ 
\ SItbt, Oq)per,',Tin. 


Tin ■ • • } 




Nitre. 

K entnl ults. 




/Sold, Silrer, 
I. CharcoaL 


Lead ■ - ■ } 




Oijgen. 

Atmoflplieric sir, &c. 




/ Gold, Silver. 


Copper . . , 


rSolutiooa of NitiKte of ~| 

] Nitric add, A«eUo f 
L J 


Qold, SilTor. 


SUver . . . 


NitrioMuL 


■ChOd. 



FsUoKMmiiflafmM — Tmo Seaand-^at$ nitk one Fb-wt-dau OMduelar, 



Bscond Clua— No. L 


nnrtdaw. 


Sooood Cl[i— Wo. 9. 


Water : or solutioua of 
alkaline, hydro - sul- 
phnreta, or Eolations of 
fotanorSod*. 

FtrtMB MoS Soda only tetin 
on the fint Uine meUla. 


Cbarooal. 

Copper. 

Bilver. 

Lead. 
Tin. 

Zinc. 


SolatioDS of : — 
Nitrons acid. 
Chloriae. 
MnriKtio aoid. 

Any add ■nlntTmnf 

iLCting on metali. 



It is eyide&t tbat in the wide range of metallic and liquid 
BvliBtances open to tia, aii almost infinite nnmbec of these 
eleobx>-mol^ oombuutitmB 4h» to be ieuad, all «f tbem 
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poaseasiiig specific pociiliaritica and degrees of force depend- 
ing on the particular substnnceg aasociated together, and on 
the eircuni stances under which they are placed. "We may, 
for example, aBBOciate two metals with pure water only, or 
with concentrated or dilute acids or metallic salts, producing 
in each case different effects and degrees of power. The 
name may be inferred in the aBsoeialion of two moist with 
one metallic conductor. The most powerful combination as 
yet produced is an association of the metals zinc and pla- 
tinum with iiitro-sulphuric and dilute muriatic scids, dis- 
covered and applied by Grove. 

23. It may, perhaps, before concluding this chapter, be 
necessary to state more explicitly in what senae we employ 
the tenns " electro -motion," "flow of electricity," "elec- 
trical current," and such like, more especially as the terma 
" ciirreiit," " current electricity," are constantly reverted to 
in treatiacB on thia broDch of physicB ; indeed, much of the 
intelligibility of the subject depends on a good distinctive 
acceptation of verhal expressions. 
* It 18 always difficult, in dealing tnth such mysterious 
agendesas those of electricity and magnej^sm^ to apply terms 
which sball not carry with them hypothetical notions of the 
forces themselves ; the senses not having any cognizance 
whatever of occult powers in the way they have of ordinary 
things, vre are led to look at the phenomena they present 
to us through the medium of analogies. It is in this 
■way that, considering the sooTce of electrical phenomena 
to be a peculiar species of invisible fluid, ive imagine it to 
stvoam or flow tliro\igh aubstances, or from one substance 
to .niother, .mdto constiUite, whilst in motion, a current of 
electricity, Tlie student must not, however, be tied by this 
figurative language?, lest lie limit the generality of his future 
reaearclics: move especially, as tlio whole idea of a current 
is a pure assumption, it is quite possible, if not highly pro- 
bable, that no such agency .aa an " electric fluid" exists. 
The term "current," however, is, in the present state of 
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these Boieikcea, oa extremely conr^ent term, andvlien cast 
adrift from the hypothetical idea of flowing matter, and 
employed, as ezpres^d hj'Fax&i&y, to designate progreesive 
force of mj land, will be found a very legitimate and conve- 
nient form of expression. 

24u Take, for example, the well-kDOwn mechanical experi- 
ment of a close seiies of anapended elastic baUs, as repre- 
sented in the annexed Sg. 11. If one of the extreme balla, 
A, bo raised aa at a, and be allowed to fall with impulse 
on the aeries, then the opposite or extreme ball, b, will be 
struck off, and raised 
to a similar lieightj I, 
but all the intermediate 
balls will remain tran- 
quil. Now, here is a 
good example of pro- 
gressive force through 
the iatcrmediate balls, 
which, without civ.y 
groat vbleuce to our view of the fact, we may designate aa a 
current of motion. Similarly, if a peraon applies his 
ear to one end of a beam of wood, or to a long metallic 
wire, whilst another strikes on the opposite extremity with 
a hammer, a sound reaches his ear, after a short interval of 
time, through the intermediate particles of the wood or 
metal ; here we have again an instance of progressive force, 
viz., vibratory force, which we miglit designate as a cur- 
rent of vibration, or even a current of sound. 

Now, in dectrical force, such as we have been describing 
(10), we must treat the term " current" in all its generality 
and as really expressing "progression," unattached to any 
especial doctxine ; that is to say, as simply designating pro- 
gressive power, and which, as constituting a sort of axis of 
force, we come at last to consider as a cause of certain 
efi^ts, such, for example, as those which, in the course of 
this work, it will be our ^deavour to illustrate and explain. 
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CHAPTER II. 

Attempts to unite tha power of a gniyMMlaa of Vdlieio ciialw — Diseoreij 
of ihe File or Toltue aeries — "Comonne de taawa"— Po^ve and 
negative Poles explained— Diteoveriee of the British ebemistB — Terme 
amplojed Faraday to designate the phenomena of tha Hie — Som- 
maiy of nomenclature — Contact and chemical theories of tlie Kle— 
Blectrical column of Dr. Lnc — Bnnmeration of the sereral effects of 
the Voltaic apparatus. 

25. It ia not difficult to perceive that the power of a 
simple Toltaic combination or circle of three substances 
is neceBsarily very limited ; moreover, we see no means of 
multiplying the effect eo long aa the acriea is confined to 
one elementary combination. Volta sought, but at first 
without aucccBs, to extend the practical result of Ida 
theory, so as to obtain increased power ; similar attempts 
were made by other philosophers. "With the same view 
Professor Eobison, seeing that the action of two single 
plates was very feeble, thought of uniting or concen- 
trating the action of many pairs of plates by associating 
a series of circular zinc and silver discs of about 
an inch in diameter, one pair immediately following the 
other, as shown in the annexed fig. 12 : but without any- 
new result. Indeed it is clear that 
in such an arrangement each zinc 
plate IB necessarily between two silver 
plates, and eveiy silver plate betweea 
two zinc plates, all except the &rat 
and last. !rhe conseguence of this is, that supposing 
Yalta's tbeoiy to be at all correct electrlcitiy will tend 
to move in opposite diiectaons. If, fox exampte, both eax- 
faaea of zinc are in contact with silver, electro-moticni 
' tends to arise -from the siLTer upon the zinc (14), npon 
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both sides of it ; hence, neither surface can possibly become 
electrically affected, the forces destroying each other. The 
same thing occurs, only conversely, with both surfaces of 
the silver in contact with the zinc, so that, however 
numerous the series, it is the fcerminating; discs only which 
evince electrical disturbance, and we have still not exceeded 
the power of a single pair. Volfca was not long in perceiving 
this, and his wonderfully inventive and perceptive powers 
enabled him speedily to triumph over the difficulty, and 
thereby to achieve one of the greatest conquests in physics. 

26. "We have seen (13), that Volta in applying his theo- 
retical views to the ca86 of contact between first and aecond- 
claas conductors, fig. 4, was led to consider the electro-motive 
force of the contact with the second-dass conductor as 
being eitEemely small, wlien. compared with the enei^ of 
the contact of the metals — he so iar considered the office of 
the aecond-d&ss conductor aa a mere means of promoting 
the drotdaidon of the disturbed electricity, and m being 
a oonduetor without distuxbing electro-motive force, a pro- 
. perty which no firat-dasa condoctor has. In all solid con- 
ducting bodies, more especially metals, electro-motive force 
and conductmg power are inseparable. 

However questionable the accuracy of this hypothesis, it 
sored the author materially in this case, inasmuch as it led 
him to interpose a second-claas conductor between each pair 
of metals (25, fig. 12), which upon the faith ofhia hypothesis 
he imagined would not only serve to keep the counter- 
acting surfaces out of contact, but would also carry an the 
continually accumulating electricity of the; several metaUie 
pairs, without eierting any disturbing or couuteracting 
electro- motive power, so tliat the sum of the aeries would he 
eventually obtained. The result was triumphantly successful: 
the terminating plates of the series exhibited a high state 
of what has been termed electrical tension, and evolved a 
peculiar, yet painful shock, when touched with a moistened 
finger of each hand, very similar to . the shock of the 

o 2 

Digilized by Google 



28 



HUDIMEirTAET GAITAITISM. 



torpedo and gymuotus ah-eady described (1) (3), and 
whicli, 0.3 in the case of the oloctrical powers of these 
curious fish, became perpetually renewed within itaelf by the 
continued operation of the elements of the eeries ; here then 
was a crowning evidence of the truth of Volta's views of the 
source of the spasmodic muscular convulsions observed by 
Galvani (4), and which went far to invalidate altogether 
the hypothesis of an animal electricity as advanced by fcliis 
distinguished anatomist. 

27. The form under which Volta first arranged hia series of 
metallic and moist conductors was that of a pile ; he placed, 
for example, one pair of metals upon another, separating 
them by a piece of cloth or cardboard moistened mth a aalioe 
fluid, or water, thereby producing one of the moat wonderful 
electrical instruments ever contemplated — an instrument 
which in succeeding times was destined to become almost 
omnipotent as a physical ngeut, aud exert in ita practical 
operation a vast influence on the destinies of the human race. 

Volta's pile, or electro-motivo apparatus, as he terms 
it, and which liaa immortalised hia name, is thus con- 
structed; — We procure about 25 thin cir- 
culnr or square plates of zinc, and as many 
e of copper, about two inches square, and a 
f correspondiug number of pieces of common 
J doth of somewhat less dimensions — the latter 
5 is to be moistened either with water, or better 
» with salt water or any saline solution. The 
« zinc plates being carefully cleaned, we begin 
« by placing a plate of either metal, say copper 
X c, fig. 13, on a couveuient iusulating base, 
and upon this, a pliite of Kinc Then we 
siiperpoEO upon this a disc of moist cloth 
m ; this completes a first combination. "We now com- 
mence again with another plate of copper, piled over the 
cloth, then a plate of zinc, then another piece of moist 
cloth, and so ou in series, until we arrive at a terminating 
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plafce of zinCj ss. The result ia a aelf-acting electrical 
machine, powerful in proportion to the extent and number 
of the series. If the series he extenaive it ia requisite 
to build up the pile between supports of glaaa rods, 
or baked wood varnished, and if prolonged beyond the 
hmit of Bucli supports, then to build up a second eohium, 
and unite the opposite terminations of the two by a 
juetallic arc, as shown in fig. 14. If pile jl terminates 
below in copper, the added 
pile B must be united at 
its zinc eod, c above at 
its copper end, d below, 
at its zinc end, and so on. 

2S. Accordhig to Volta, 
electricity moves from iirst 
copperplate c fig, 13 upon 
the superposed zinc z (15), 
The moistened cloth now 
operates in transmitting by conduction tho distiurbed 
electricity to the next plate of copper above ; this plate 
of copper acquires the same charge as the zinc beneath, and 
is now in a state to act further on the zinc above and 
the copper plate below it, so that it now parts with still 
more of its electricity. In this way, every new plate, or 
pair of plates, continues to receive and exhaust the electricily 
of tl^ose beneath them. The quantity in the laet plate of 
zinc, theiefore, -vriJl intaease in an aritiuoefdcal ptogreBsitm as 
ve build up the pile, and the qnantity in the copper at the 
base will decrease, leaving the two terminal plates in extreme 
positive and negative states. 

It is quite evident that upon Yolta's hypothesis, an. 
eleotro-motiTe pile of this kind with three Srst-daas con- 
ducttNTB is impossible, since no solid conductor liaa been jeAi 
found wluob ia not at the same time electro-motive. If 
such a substance could be obtained we might then constmct 
a pUe mth dry conductors alone. 



Fig. i*. 

Jl. 3 r. j> 
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29. Tolta considered his pile, in tlie way he consfcnioted 
jt, aa closely resembling the electrical organ of the torpedo ; 
lie Ciiils it "organe eleetrique artiSciel." The points of 
resemblance are tliese : it is composed entirely of conductors, 
but of (litfcrcnt kinds and power ; it is active in itself, without 
the aid of a supply of artificial electricity ; its operation is 
continuous, and it is capable of giving a succession of shocks 
Avithout any apparent diminution of its power. "With a 
aeries of twenty discs of about an inch in diameter, there is 
no difficulty in obtaining strong electrical indications. The 
electroscope and condenser become so powerfully affected as 
to emit a spark by a single contact, and with a pile of 40 
pieces a shock is obtained, ponerfully affecting the hands 
and arms, one hand touching the zinc and the other the 
copper extremity of the pile. A pile of 120 pieces, or 60 
purs of zinc and copper, about two inches in diameter, or 
two inches square, with intermediate doth moistened with a 
saline fluid, such as a solution of common salt, constitates a 
very efficient series: circularplatesofzinc and common pemiy 
liiecea may be used ; zinc and ailvei ia still more effident. 

80. The pile, althougli coimidered hj its inventor as a 
perpetual electrical maohine, is really not so far anj length 
of time ; its power declines as the intermediate moist con- 
ductor begina to diy, and changes take place in the Smi 
it contains, so that at length thesor&ce of the plates of zinc, 
which is Bfildom pure, become covered with oxide. The 
perpendicular series tends also to press the fluid out of the 
wet cloth. We may avoid some of these defects by coTering 
the zinc plates with mercury, which is best efiected by 
moistening the surface with dilute sulphiuic acid, and then 
rubbing a few globules of mercury over it. This is foimd 
to preserve the impure zinc from decay, so Tong as the 
extremities of the pile are out of metallic communication. The 
zinc of commerce is in fact very impure, and contains small 
portions of other metals, such as lead, copper, and iron ; 
these metals, according to lEaraday, are set free by the action 
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of the saline solution, and coustitute witli the zinc plate 
BO many small vottaic circles, causing a rapid destruction of 
the metal. By covering tlie surfuce with mercury we bring 
it into a uuiforni condition, and so avoid the minor local 
action by which one part beeomea a discharger to another. 
Tho annexed figure (16), represents a horizontal series or 



Fig. IS. 




pile, as arranged by the author, having amalgamated zinc 
plates ; it is vety efficient and convenient. The plates are 
ac|iiare, and are set lozenge fashion, the lower points resting 
between two strips of glass, Sxed on a long board, a i, and 
are supported by aide rails of baked wood varmshed, as 
indicated in the section «; the side rails are eeoucad to 
bloc^ od,t.\i the eztrdmitiea of the base, a h. Two screws, 
one at each end, pass through these terminating blocks, by 
wbidi.thd series may be a little compressed; they serre also 
as the conducting terminations of the pile, and from these 
points, shocks and all the other electrical effects of the pile 
may 1m obtained. Two batteries of this kind, mth 60 pairs 
of metal plafcea in each, constitute a powerful apparatus. 

81. llieyoltaic pile, or aeries of electro-motire circles, was 
made to assume in the hauds of Yalta another and perhaps 
a still better form, termed by him "Couronne do tasses." 
In this arrangement, represented in the following fig. 16, 
alternating pairs of zinc and copper plates,'Z c, connected 
by metallic ares, zc, are immersed in glass cups, containing 
a saline solution, and are arranged in the order of metal, fluid, 
metal, that is c f z,c fx, c f z \ the last plates, c z, termi- 
nating in other plates, p n, which act as conductors to the 
aeries. The last plates, c z, evince opposite electrical states. 
The tension of the ex^me plates, pn, is as the number 
of alternations or goblets, and consequently increases 
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in arithmetical progresaion. It is easy to see by a little 
reflection, that thia arrangement is in effeet"t]ie same thing as 
the pile {27), fig. IG, except that the plateg of zinc and copper, 
instead of being in precise contact, are united electrically 
by the metallic arcs c z (17). Volta usually employed thia 
form of bia apparatns ; his series consiated of about 50 cups 
filled with a "■arm Raline fluid, the metals being zinc and 
silver. Having arranged the plates in the order of zinc, 
fluid, silver, he united the zinc of one cup vi ith the silver of 
the next, thus forming a succession of elect I'o-motive circles 
(17) in such a way as to obtain the sum of the whole, 

82. The extaremities, o, z, fig. 16, of the " Conroniie de 
tasses," or of the pile (12), fig.l8, concentratiiig, as they do, 
Fig. la. 




the united positive and negative forces of the series, have been 
termed its poles ; the zinc extremity, z, being the positive 
metal, has been termed the positive pole; and the copper extre- 
mity c, beingtbenegative metal, has been trained the negative 
pole. Some little confiiaion and misapprehension, however, 
has arisen relate to the real import of these terms, 
as applied to the terminating plates of the series: ^i^^i 
therefore, be as irell to elucidate this point by a brief anelysis 
of a simple circle. 
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88. Let the aimexfld £lg. 17 represent one of th& elemenfa 
of the " Courdi^ de tasseB," (33) Sg. 16, abstracted from 
tbe series : z being tlie zinc plat^ and a the copper. The 
cUreetioa of the eLectco-mo^on in. 
this series through the fluid w will 
he always irom z towards c, as 
already explained (17), and if instead 
of connecting the metal arcs, p«, Kv, 
with other zinc and copper plates, 
as represented in the last figoie, s 
we imagine them to conatitcite a 
single arc, uniting tbe xespective 
plates z o, as indicated by the 
dotted line pjNj then the return 
circulation ahore woiild be in tbe 
direction s qn, that is to say, according to Voila's doctrine, 
electricity would flow above from the copper o towards the 
7.iuc z, at ^vliat may be considered the points of contact of 
the two metals (17), and from the zinc z towards the copper 
C, through the fluid below, 

jS'ow the pole from which electricity proceeds is to be 
termed the positive pole, and the pole towards wliieh it 
flows and enters, the negative pole ; so that, although 
the copper c be called the negative metal, it still conatitntea 
the pusitive pole in this "simple circle; and altliougli zinc z 
be called the positive metal, it constitutes tbe negative pole, 
[Further, it may be perceived that any metal mado to 
terminate the arcs, Br, ps, beyond r, n, would have nothing 
to do with this an-angcment, if kept out of liquid contact 
with other metals, such for example as the exterior plates 
p, «, iu the preceding fig. 16. Tlie student has only 
to remember tho great cardinal point, that in the iluid 
medium below, electricity flows Jrom the zinc upon tho 
copper, and from copper to zinc, through the metallic arc 
above. If then we coneider o z, flig. 16, as the terminating 
plates of tbe series, the lost copper plate, o, will be the 




posiUve end of the s^es, and the laBt plate, z, will be 
the negative end, bo thai if the seriea terminate in a single 
7.iiic plate, p, on the one side, and in a single copper 
|)late, n on the other, hoth external to the finid, this zinc 
^)Ute is so &r the positive pole, and the oopper the negatiTe. ' 

31. Reverting here to the case of the pile (27), 
fig. 13, it is easy to see that the last plates of copper and 
zinc, being out of a fluid contact, and beyond the real- 
pxtremes of the pile, th^ have nothing to do vnth the 
electro-motive action; they are, in &ct, merely BubstitateB 
Ibr simple conductors transmitting the Yoltaic power from 
the last plates in contact with the moiafc conductor. If, 
therefore, the first plate at the base of the pile iu contact 
with the moistened cloth be a zinc plate, as in fig. 13, that 
will be the plate into which the circulating electricity of the 
pile would enter, supposing the ei^tremitiea of the pile joined 
by a metallic are, uo matter for the first copper plate beneath 
it at the base of the pile. Similarly the last copper plate 
iu contact with the moist conductor above would be the 
plate from which the circulating electricity would proceed, 
without regard to the terminating nine plate above it at 
the summit of the pile ; both the terminating plates, a c, 
fig. 13, might be therefore removed without any detriment 
to the course of the electro-motion. These plates be- 
come the positive and negative ends of the pile only iu 
virtue of their trauBmittiiig the circulating electricity ; they 
fire, as it were, the doora by which the circulating electro- 
motive power leaves and enters the pile as indicated in the 
terminating plates, p, n, fig. 16, outside the cups ; hence 
it is, that whilst in a single pair of plates, or simple circle, 
represented in the last fig. 17, the copper is the positive pole 
and the zinc the negative, we find in a compound circle, such as 
the pile, or " Conronne de taasea," fig. 16, as utualh/ arraaged, 
that the zino extreme p hecomes the positive pole and the 
copper extreme n the negative. It would he, however, as 
observed by Priestley, of no sort of consequence in which of 
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the metab ilie seiieB or pile terminated, — ihe^ migbfc be boib 
copper or both zinc — ^provided tbej were detached &om. a 
Bocceeding moist conductor in farther communication with 
tiie serias. It bappesa, howrer, in tb& pile (27) fig. 18, 
. that the poBitiTe metal is at the positive extremify of the 
p3e, and th.B negatire metal at the negattre extremity. We 
have, in illustrating and explaining these conditioos, taken 
the copper as the first plate or base of the pile, in accordance 
■with the supposition before given (27), fig. 13. 

35, No Booner had Volta's paper " On the Electricity 
excited by the mere contact of couducting Substances," and 
in which he announces liia discovery of tbe electro- motive 
apparatus, been read at the lioyal Society, 2(5th June, 1S00,» 
than the British chemists coiiinieneed a series of operations 
with it, and almost immediately detected its wonderful power 
as a chemical agent. Messrs. Kicliolson and Carlisle were 
at first the most active, and they lost no time in constructing 
a pile of silver and zinc plates, with an iotermediate moist 
medium. They at once confirmed ail that Yolta bad ad- 
vanced relative to its electrical properties, and found the 
zinc extremity of the series positive, and the silver extremity 
negative. Observing a minute stream of gas to arise from 
a globide of water resting on the upper plate of the pile, 
and in contact with a wire connecting tbe lower plate, they 
were led to investigate attentively tbe source of this action, 
and the nature of tbe gas evolved at tbe extremity of the 
wire ; the gas appearing to be hydrogen, they proceeded to 
introduce two wires into a glass tube, filled with water: 
this they placed la the circuit between the extremes of the 
pile: immediately a stream of gas was observed to come 
otA, as it were, of the wire connecting tbe negative pole, 
whilst the opp(»ite wire became covered with o&de. On 
cdlecting the gas, they found it to be hydrogen ; when two 
wires were employed, not easily oxidable (such, for example, 
as gold ot platinum), then a stream of gas was observed to 

* Letter to Sir Joupk Bonks, P.ILS. 
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proceed from each iriin: ibe'gaam, being separate col- 
fecfced, were found to be lij'diogen on the one tade, and 
oxygen on the other ; vhich two giueB, as shown hy Oaven- 
^aii in the " Fhit. Truui." &r 178<^ were actiuily the 
constitnents of water : l^e water, therefore, in the tnbe had 
heen decomposed and ac^arated hy the i^ency of the pile 
into its c<m8tttaent dements. 

86. These beautifnl and surprising experiments caused, 
as may he reatUly imagined, a deep sensation in the scientific 
world: Cruickahank, Wolloston, Davj, and other eminent 
chemists in this country, together Tiith Ponrcroy, Thenard, 
Ritter, and other great contiDental chemists, proaecuted 
them with intense ardour. Their progress became wonder- 
fully facilitated by a new disposition of the pile, conti-ived 
by Cruickshank, wlio placed ^'oita's apparatus under the 
form of a trough, divided into cells by the series of pairs of 
metallic plates themselves, and into wliichwas poured an acid 
solution.* By this contrivance, the activity, power, and 
eonvenieaee of Volta's pile became iucreased to on astonish- 
ing degree ; so that, when several of these troughs, or 
batteries, were united, the most surprising results were 
obtained. Davy, through the agency of a similar, but a 
still further improved arrangement, detected the chemical 
constitution of the alkalies, and resolved potass and soda 
into metallic bases, united with oxygen. A series of new 
substances were speedily discovered, the existence of which 
had never before been imagined : oxygen, chlorine, acids, 
and many other substances, were all dragged, as it were, to 
the positive pole ; whilst metals, inflammable bodies, alkalies, 
and eartlis, berame determined to the negative pole of the 
battery W'hen wires, connected with each extremity of 

the new battery, were tipped with prepared and weE pointed 
bhaeeoal, and the points brought rery near each other, then 
a- most intense and pore erolntion of light followed; which, 
on Bepacating the points, extended into a gorgeous arc. 

■ 8ee Eig. 25 (5S}. 
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Metallic wires, joining the extremes of tiie serieSj were 
heated and fused : a thick wire of plutinum, the most refrac- 
torj of metale, soon became nhite hot, and glowed with a 
vivid incandesceoce. 

3,7. ChMuifitay was tliua put in posBaseion of on agent &x 
more seraduog and poveoful than my it had as jeb been 
enabled! to command. The most stubborn subetancea vfire 
constrained to yield np their confitituent elements to this 
omnipotent poww. loflammable elemental^ bodies, such 
as hjd^ien,' — tdso metaUic bodies, earths, and alkalies, — 
were all constrained to travel, as it were, and appear at the 
negative pole of the battery (34), whilst oxygen, acids, and 
other bodies, became similarly commanded to appear at the 
positive pole (34.) In more recent times, this apparatus has 
been applied aa a magnetic agent of almost unlimited means ; 
and it ia quite impossible to say in what new direction its 
powers may not become directed. Volta himself had certtunly 
but a faint idea of the giant force he had thus called as it were 
into being, nor did he participate, in any remarkable degree, 
in the brilliant discoveries elicited by his apparatus directly 
it came into other hands, ao rapid and immediate were the 
results; occupied as he appears to have been in the defence 
of hia doctrine of electro-motion, and in its application to 
physiological inquiriea, his attention was necessarily turned 
into other channels. In fact, partly from this cause, but in 
great measure from failing health, he did little in this branch 
of physics, ao peculiarly hia own, after hia apparatus fell into 
the hands of the British chemists. 

38. Paraday, in our own day, with hia accustomed activity 
and wondrous powers of research, has contrived to throw a 
large beam of light ou the nature and operation of the 
voltaic apparatus : be haa classified, iuTestigated, and 
arranged the phenomena of tiie pile in a way so orderly, so 
original, and so lucidly comprehenaive, as to leave little 
further to be desired up to the present state of this branch 
of B^ence. Amongst the profound and peiapioQQus views 
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of this celebrated philosopher, his proposed □omenclatnre of 
terma, applicable to the pile mi its attendant phenomena, 
necesBitrilj' demands attention here, as being of paramonnt 
importance to a further elncLdatioa of our sabjeot. 

We have almd/ seen (32), that, in the ordinary phraseo- 
logy of the pile, we ^ply the term " pole *' to each ertremi^, 
distmgnishing the sine and copper extremes by the terms 
" poB^Te" and " negative." Thus the zinc exferenie has 
been called the pcnitive pole, and the copper extreme the 
negatiTe pole. These terma have a cwtaia accepted meaning, 
and Bavy was led to infer, from the s^ectioa of snbstancea, 
as it were, by these extremes (36), that there resided in them 
certain attractive powers. 

Faraday, however, has shown, by a conclusire train of expe- 
riment, that this notion ia untenable,— that the decomposing 
force is not at the poles, but within the substance itself, when 
acted on by the electrical eurreut. lie, therefore, considers 
what wo term the poles of tho series, as being merely the doors 
or ways by which the current enters a body and leaves it 
again. Such for examplo as the terminating plates p, n 
(32) fig, 10. "When the polea are actually in contact with 
the body, as indicated in the following fig, 18, they limit 
its extent in the direction of the current, lie is hence 
led to banish the term pole, .and replace it by the term 
"electrode," from the Greek of l)^^s7-|lo^', for electricity, aud 
o8of, a way : this term he applies to any surface whatever, 
/', n, fig- 16, whether metal, water, or air, and which limits the 
oitent of the body under decomposition, and the direction 
of the current as poles of the voltaic apparatus. 

39. The actual surfaces of the body itself, through which 
the current enters or leaves the body, being important 
places of action, he is careful to distinguish these from the, 
poles with which they are commonly in contact, and from 
the electrodes just mentioned, with which they are always in 
contact. With this view, be seeks a natui^ standard of 
direcUon, much in the same way as ve sought in this 
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cotmtiy an iHTariable standard of measure in the length of 
B pendulum, vibrafing seconda in the hititude of London, or, 
as the;' eooght in France, in the length of an ore of the 
meridian. Now the diieclaon in irhich the sun apparently 
mores is a standard direction of this kind, being from ea^t to 
west; and this direction being forther inferred, from the lawa 
of electro-magnetism, to be the direction of certain electrical 
cuxrents circulating round the earth, at right angles to the 
position of the magnetic needle, we have thus arrired at an 
invariahle standard of comparison. AVith an amount of pie- 
dsion and ingenuity peculiar to himself, and with a view of 
avoiding all illusory hypotheses, Faraday proposes to consider 
tlie substance acted on by the battery aa being alwayeia an 
east and west line; in which case, the current would have the 
natural standard direction juafc referred to. In the adjoining 
lig. 18, for example, let 8 >' and e w be the cardinal points oE 



Fig. 18. 



the compass ; in which e w 
ia consequently an east and 
west line. Let n be a given 
substance, placed iu the cir- 
cuit s E ft u c w ; that ia, 
between the wires s e a and 
z-w c, proceeding from the 
Opposite extreme plates of y 
the series, 2 5; the current 
passing through it in the 
direction E w. This under- 
stood, the surface a of the 
given body h on the east 
side, and into which the current ia supposed first to enter, ia 
termed " anode," and the surface c, on the west side, from 
which the current is again supposed to issue, ia termed 
, " cathode," from the Greek am and koto, npwards and down- 
wards, and oSor, a way; that is to say, the way in which the sun 
gets np, and the way in which the sun goes down. The anode a, 
%. 18) is, therefore, that surface of the body h, under decom- 




40 



poBitioa, at whicli the currcat enters ; it la its negative extre- 
mity (33), and is directly against, or opposite, the positive 
electrode, or door, on the side s : here, at this positive elec- 
trode, are erolved o^gen and all aeida, iodine, chlorine, &c. &c. 
The cathode c, on the contiaEy, is that surface of the body 
H at which ihs current passes out or leaves it (30), and ia 
directly against, or oppoBite, the negative door, or electrode, 
on the BidD w: here, at this s^iative dectarode, appear 
hydn^en and other inflammahle elements, metals, &c. &c. 
Isaag^oB, Urn example, the saltBtance represented by h, 
in fig. IB, to be immediately between the two extremes, p, n, 

the " Ooimmne de tasses," (32) %. 16. In this cas^ 
the plAte p would be the poBitive eleetrode, and the Bor&ce 
a of the body s, in contact with it (Sg. IS), would be the 
opposed anode. The electrode would be positive, the current 
passing out of ifcj the anode would be negative, the ciurent 
passing into it. Similar reasoning applies to the opposite 
electrode «, fig. 16, the opposed surface c n would he the nega- 
tive electrode, the current entering into it, and c, fig. 18, the 
cathode, which would he positive, the current flowing out of it. 

Taraday lias shown that the electrode,^*, ne, fig. 16, may 
he fluid, solid, or gaseous, that is, the substance acted on may 
be limited by water, or even air. 

40. This understood, we have next to observe that any 
substance capable of being directly acted on and decomposed 
by the current — water, for example, whose constituent 
elements are two gases, oxygen and hydrogen, and which, 
nnder the influence of the current (35), at once separate 
and travel, one to the positive, the other to the negative 
electrode, or door-ways — is termed an " electrolyte," and 
when resolved into its constituent elements ia said to be 
"electrolysed" (analogous with "analysed"), from the 
Greek jjXfcr/iov, and Xvm, to loosen ; such a substance is 
further said to be " electrolysable." 

Substances which do not directly yield up their elements 
in this way, bat which only do so through the agency of some 
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eeoonclaiy procesB, by vliioli thej- decompose oa le&ching 

the electrodes, are not included in this class of bodies, and 
hence are not considered as being pure electrolytes. 

41. Finally, we have an ajipropriate term to designate all 
those bodies which arc thus unloosened, to travel or pass 
to one or the other of the two electrodes : these, a whole, 
are called " ions," from the Greek mw, participle of the verb 
f'tfti, to go. Those ions which go to tlie anode a. Eg. 18, 
and appear at the positivo electrode, or pole p, fig. IG, are 
termed "anions;" tiio.^o wliicli go to tho cathode c, lig. IS, 
and appear at the negative electrode n, fig. IG, are termed 
"cations," from the Greek neuter participles anov, or that 
which goes up, and k»ti<iv, or that which goes down; still 
preserving the figurative idea of rising in the east and setting 
in the west, oa iathe lineEW, Bg. IS. Thus water is said to be 
an electrolyte ; ia electroli/sable ; when electrolysed, it eTolTCB 
two torn, oxygen and hydrogen (33) : oxygen ia an onion, 
found at tlie positive electrode ; and hydrogen ia a cation, 
found at the negative electrode. Similarly, all bodies — as 
acids, chlorine, iodine, &c. — found at the positive electrode, 
or pole, are anions (37) ; whilst iuSammable bodies, earths, 
and alkalies, found at the negative pole, are cations.* In 
the old phraseology, aniona would have been called electro- 
positive bodies, and cations electro-negative bodies, being 
nnder the supposed infinence of direct attractiTe forces, 
TGsidiog in the opposite poles of the battery ; and, instead of 
being aaid to be electrolysed, they would have been con- 
sidered aa being " eJectro-chemically " decomposed. 

42. Although a new uid unatudied nomenolatore may ill 
suit those whose views and habits have for a long period 
been trained in another sort of school, nevertheless, the 
terms just explained, and which have been so judiciously 

* According to Pcufessor Whewell, "cathiims," ■.voiild be moro relntive 
to "cathode" and would do less violence to the habits of EngUah pro- 
mmdatioii, althoiq^h the taitiogf with the Greek deriradoii requires 
"cation." — ^Hist. Ind. Sdences, vol. vL p. 185, 
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intcoduoed hy fioaday into this department of physics, 
will be found of immeDse advantage to its fiiture progress, 
being definitely intelligible ; carrying witb them no illuBory 
ideaa, they express, in. fact, the actually obserred phe- 
nomena, and must be iree from all confnsion; and the 
student will do well to familiarise himself practically Tritli 
the new nomenclature. 

The following brief recapitulation of it will be found 
nse&l in the way of reference : — 



TABLE HL—Nomendalurt. 



Tenoi. 1 "'g"'" "■*'""* 


Electrode . 
Cathode 

Electrolyte . . 
ElectraTjsis 
Electrolysed , . 
ElcctrolyBikblc 
Ir>D3 . 

Anions . . . 
Cations 


( Put for pole : the way or ilnor by wliich fl 
} current entei-s or leaves ii. Kll^^.(ll!^^.-t'— it m:ty 
( be either [xiaitive iir uejjativf. 

on the positive aide of the wries ; the side 
on vhieh the ann geta vp, auppoung the 
current to tvw from eart to vMt, is next 
the poudre electrode. 
TlitA Bnr&ce of a body from which a curreut 
paams ont towards Hie osfative aide uf the 
series IB next tlie native electrode. 
( Any substance whose constituent elementa arc 
i directly separable by the influence of the 
{ voltaic current. 

J The resnlt of a chemical decomposition anab- 
1 gouBwith "analyaia," 
I The actual separation of a snbstance into its 
} oraislitiieiite— stands for the old phrase, 
( " electro-chemicaUy decomposed." 

AiliDittiuj; iif bclni; cliemically decomposed, 
j 'I'it-i ;:ij|i,ii:ilul cijii&tituent elemeota of a sub- 

looB or elements found at the positive electrode. 
1 Ions or elements found at the native 
( eleotrode. 



43. Yolta'a hypothesis of electro-motion, and his applica- 
tion of it in farther explanation of the action of his pile, 
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althoi^ ever to be regarded aa the conjeotare of so. otipmi 
and sagatdons mind, ia neverthelfiss embarraBsed by con- 
siderable difficulty, and is scarcely tenable as a general and 
fundamental principle adequate to a solution of the infinite 
variety of phenomena ■which have aince presented themaelves ; 
it is now well known that the fluids of the pile hy their 
action ou the moat osidable of the two rnetala, is the great, 
if not the only course of the voltaic current. Another 
theory of the source of power in the voltaic pile, has hence 
ariaeu, termed the chemical theory, in contradiatiuctioa to 
the theory of Volta, which has been termed the contact 
theory. It will be reiiuiaite to briefly revert to the merits 
of these opposite theories, inasmuch aa they have excited 
very extraordinary attention in the scientific world, and have 
been made subjects of profound philosophical controversy 
by all our eminent chemists. 

Contact theory. — Thia theory, aa we have already seen, 
(10), (13), (16), assumes that when different substances are 
brought into contact, there is a new distribution of the 
electricity inherent in the bodies, e. g. some portion of the 
electricity of the one flows towards, and is received by 
the other, and this efl'ect is more especially evident in the 
metallic contact, (13), It further assomes that in the 
Toltuc circle (17) althoogb the toucihing bodies hsre re- 
Bpectively girea and talcen electricity, stall they cannot 
Bopport the charge ; but dischai^ their appotdte electricitiea 
one into the other tbroagh a third aubBtance placed aa it 
-were behind them, and yet they remain still in opposite 
eleebrical states by a continnai renewal of these atatei by 
the contact of the rnetala, and thus by diaohai^ng into 
particles of matter similar to themsetvea the contact is the 
source of an electrical current, that ia progreaaive fiircfl (23), 
which current becomes, ae expressed by Faraday, an (UiB of 
power when brought to operate on other substances. 

41. The chemical theory of which hitherto we hare said 
little, aSBumea : that in the Toltaic pile the sonroe of the 
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omreat, and conBeqaently tlie source of iia power, is to -be 
Booghi; for in what haa been termed the chemical action of 
the pile, that is to eay, the action set np hetwem the 
elements of the fluids of tbs pile and the metals ; in canse-. 
quence of which aLectricity beoomes erolred in large and 
oTerwhelming qoantit^, and oironlates according to certain 
laws of &rce under the &rm of a current. 

We are indebted to Fabroni for the first step towards a 
chemical theory of the pile, who observed that pure mercury 
preserved ita luatre for a long time if kept out of contaefc 
with other metals ; but in contact with zinc or other metals 
it oxidated rapidly. He observed the same fact in a variety 
of different metals, such as tin ajid ita alloys, iron with 
copper, and he concluded that this reciprocal action was 
similar to other chemical combinations, and was the source 
of the electricity evolved by tlic pile. The results of Iiia 
researches were communicated to the Plorentine academy 
in 1792 ; from ^vhich he infers that all galvanic effects 
are no otiicrthan chemical operations. Priestley at an early 
period of Volta's discovery, remarked, as already stated (34) 
on the insufficiency of the prevailing theory in explanation 
of the phenomena of tbe pile ; his view was, that the 
calcination, as he terma it, of the zinc, supplies " phlo- 
giston," and when that ceases, the action of the pile is at 
an end. Wollaaton, in a valuable communication to the 
Eoyal Society in 1801, dearly shows that the operation of 
the pile is invariably connected with oxidation and other 
chemical changes. If, Bays he, " a piece of zinc (meaning 
the zinc of commerce, not pure zinc) and a piece of ailver 
hare each one extremity immersed in the same TesBel, oon- 
taining sulplturio or mnriatic add, diluted witii a large 
quantity of vabee, the zinc becomes dissolved, and yields 
hydrogen gas by decompoution of tbe water, but the silTer 
not being acted on, has no power of decomposing the wat«r. 
If we bring the silver roid zinc, however, into contact, or 
there is any metallic communication made between them, 
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thfiD hydrogen gas is formed alao at the surface of the 
BilTer." Again he saye, " We see in this experiment, that the 
zinc without contact of any other metal has the power of 
decompoBing water ; and wc can have no reason to suppose 
that the subsequent contact of the silver produces any new 
power; the silver serves tlicu merely as a conductor of 
electricity, and thereby occasions the formation of hydrogen 
gas." It is in fact, as he previously remarks, an established 
fact of the pile, that when water is placed in the circuit, if 
the power be sufficient to oxidate one of the wires, the 
other wire gives ofl' hydrogen (39) ; since therefore the 
extrication of hydrogen in this case depends on electricity, 
it ia highly probable that for the conversion of hydrogen 
into gas, electricity is also requisite in other instances. In 
the above example, for instance, electricity is evolved during 
the action of the acid solution on the zinc ; the transition 
of this electricity between the fluid and the metal ia the 
immediate source of the hydrogen gaa. 

45. Many conclusive experiments maybe adduced to show 
that electricity is freely evolved during the chemical action of 
two substances on each other, producing new comhiiiationa. 

Faraday has calculated that as mnchdeottioifiy is employed 
in holding together the two dementary gases, osygen and 
hydrogen, in a grun, of water, aa is pment in a disohorge 
lightning. A single grain of water acidulated so as to 
fitoOitate conduction, lequirea a current of voltaio electricity 
to be oontiuoed through it for nearly four minutes, in order 
to resolve it into its constituent elements, which current 
muat be of sufficient force to retain a platinum wire of 
about the i^th of an inch in thickness, red-hot in air ' 
during this time. Comparing such a discharge with that of 
the ordinary electrical battery, he finds that the quantity of 
electricity evolved in the decomposition of a single grain 
of water is equal to that of a "very powerful flash of 
lightning." • 

* Exp. Eeaeuobea, (8CS). 
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46. The facfc of the erolutioiL of electricity during chemi- 
cal action being incontrovertible — let ua now Bee how in 

the voltaic series a current becomes establiBhed in a given 
direction — the power of which is adequate to so many 
wonderful effects. Paraday treats this question with his 
ordinary clearness. AVe have to observe, first, that little or 
no chemical change occurs whea pure zinc, or zinc amalga- 
mated with mercury, is employed iu the voltaic series bo 
long as the circuit, c v q s x, fig. 17, is incomplete ; th;it 
is to say, so long aa there ia no metallic contact hetweeu the 
two metals. "We have merely in this case a state of electrical 
tension between the fiuid and the metal having the greatest 
affinity for its oiygen. The chemical affinity exerted between 
a partitie of metal aud a particle of oxygen, although not 
at the instant sufficiently powerful to admit of the metal 
seizing tlie oxygen and expelling the hydrogen, is yet 
sufficiently powerful to bring the particles into opposite 
electrical states of tension, or polar conditions of high 
intensity, * in which state they might continue without 
further change, did not some new condition arise to dis- 
turb it. Suppose tlien a plate of pure or amalgamated zinc 
to be thus circumstanced, and to be partially immersed in a 
dilute acid solution, then immediately the contact of the 
metal and the water is complete, and the metal becomes as 
it were ireUed with the water, we have this dectoical state 
of tension induced. Let iu now suppose that a seccmd 
metal be introctaced into the fluid in a similar way, a plate 
of copper for example, not having the same ofGnity for the 
(aygen of the water, and that we proceed to complete a 
conducting metallic communication between these plates, or 
cause them in any way to touch each. other through a 
metallic arc, as represented in fig. 17 (29), or otherwise 
directly, as in fig, 4 (11). Then this induced polar condt- 

* "Sleotiieal Folori^," ms End. Blectridt? (98) p. 111. Fer 
"Teneioa" see (120) p. 111. 
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tion becomes for tlie instant relieved, and tbe force is 
transferred in a most extraordinary way through the two 
metals, so aa again to enter into tlio dilute acid solution 
interposed between them (2!)), fig, 17, which in the act of 
transmitting it becomes decomposed. Tiie water being an 
electrolyte, now gives up its oxygen to the zinc, and chemical 
action is directly established. In this operation, the two 
opposed electrical forces of the lirsl series uf particles 
acting on or toward each otlicr in opposite directions, being 
necessarily equal, * are necessarily transferred in a reverse 
order, and constitute what we have termed (23) an electrical 
current. Tliia current being once establiahed, is perpetuated 
by the continued chemical decomposition of the water which 
immediately follows. It is, however, to be observed that 
the oxygen and hydrogen, under the form of water, are so 
powerfully held together that it is nest to imposaiblo to 
diaimite these elements by the superior relation of the 
forces' between the oxygen and the zinc taken alone ; we 
require at the same time an abatement of force between the 
axjgea and the hydrogen themselves. Without this, the 
turnmg point of the new cooibiDation betwe«i the oxygen 
and the metai ia scarcely reached, and no eontinned decrao- 
poBitiou would ensue so bng as the hydFOgen of the water 
could afioumulate on the zinc; hut in the play of forces 
which thus arise in the voltaic circle, it is found that the 
rising of the force between the metal and the oxygen is 
attended by an opposite falling of the force by which the 
o^^gen is united to the hydrogen ; when decomposition 
ensues, the hydrogen is transferred to the surface of the 
copper or negative metal, where it is finally ejected (8SJ. . 

47. Takiiig then the source of power on the voltaic 
pile as due to chemical action, we may conceive it to be 
divided into two parts; 1. The rising force between the 
metal and the oxygen of the water, and the consequent 



• End. Elect. (98), p. 111. 
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&Uiag of tbe fbrce between the oi7geii and hydrogen, the 
elements of the water. 2. IThe action which ensues when the 
change in the association of the elements ia complete, — 
when the particle of osygen leaves its hitherto assooiated 
particle of hydrogen and unites with the zinc. The first 
action ia tlie source of the current, or otherwise of tlie 
tension, in the estreinities of the pile in a disjointed 
circuit ; the second action, by terminating at the instant 
of the first operation, brings succeeding particles into 
play, and so perpetuates the current. The immediate use 
of the second or negative metal is here apparent, — it opens 
a path for the progressive force or current to move in, and 
by which tho coudiLious for the decomposition of the 
water are completed. Its direct communication by metallic 
connection is effectual in this respect. Electrolytic com- 
mimieation would not be effectual ; an electrolyte would 
decompoao, and obstructing forces would arise ; moreover, 
the second or negative metal prevents hydrogen from accu- 
mulating on the surface of the active metal The acid 
itself has little or no influence whatever in promoting the 
current force further than in facilitating the conduction of 
tho water, and removing the oside of zinc from its surface, 
BO that it may not as it were choke up the way, and prevent 
Jreah particles of metal from being acted on. The efficient 
power ifl in the decomposition of the water, indeed the 
presence of an. electrolyte such as water is essential; its acts 
of conducUon. and decomposition are BimoUaneous, and 
the tranamisEdon of its elements in lines pazaUel with i^e 
CQEcent BO important, that if tias transmieraon stops, the 
cuxrent stops, if it be changed, the current changes. 
The water then of the acid solution being a decomposable 
and oxidating body, the attraction of the ziuc for the 
oxygen becomes eventually greater than that of the oxygen 
for the hydrogen, but in combining with the oxygen puts 
into oirciiation an electrical current in a giTon direction, 
which direction is that of the transfer of the hydrogen 
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toward the copper or other negative mefcai. So that, as 
already seen (29), fig. 17, the current flows from the ziuc 
toward tlie copper through the fluid below, and from copper 
to zinc through the metallic arc above, being at the same 
time consistent with the transmission of the oxygen from 
the copper upon the zinc in an opposite direction ; the 
current, therefore, can pass in the prescribed line or 
circuit of direction, and yet favor the renewal of the con- 
dition upon the surface, of the zinc, which commences by 
determining both the chemical combination and the bdc- 
ceeding circulation. 

It will, be perceived that, according to the Chemical 
Theory (46), the order of the series is considered as an 
association of two inetals and one fluid, in the succession of 
metal, fluid, metal, &c., and not as in the order prescribed 
by Yolta, of metal, metal, fluid : thus, taking the first plate 
of the pile (27) as being (M^per, ve should, according to 
Yolta, have a series of (copper, zine, flwd,) — (copper, zinc^ 
fluid,) and so on ; whereas, by the Chemical Theory, the flrst 
copper plate would go ibr nothing, and wo should have tlio 
succession (zinc, fluid, copper) — (zinc, fluid, copper,) Ac, 
which is really the effective order already adverted to (31). 
The ingenious Be Luc, in a most interesting analysis of the 
pile to be hereafter noticed (126), examined the several orders 
of the series or successions in which we may consider the 
two inetals and fluid to bo placed, and arrived afc new and 
important conclusions as to its action, — he found tho 
chemical and electrical effects in an inverse ratio to each 
other ; without a fluid hetweeu the plates, the ehcmiual 
power WHS little or nothing, so that tiic order whicli gave 
tlic greatest electrical development had the least chemical 
power, ;uul i\i:it whicli develuped the greatcat chemical 
action had tlio least electrical power; hence, he arrived at 
the eoneluaion, that for the production of electrical eflects 
the presence of a fluid conductor is not necessary, and it 
becomes only requisite to separate the associated pairs of 
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metals by a dry noii-metallic conductor. This conclueion 
led to tlie construction of a pile not containing any fluid 
substance, a kind of pile whicii Volta in vain sought to obtain. 
"Were a perfectly dry solid pile possible, there would probiabl^ 
be an end of the Chemical Theory : it would be purely a 
development of electricity by contact, and bo far confirm 
Volta'a views. It would constitute an apparatus liable to 
no derangement ; always active ; neither chemical action nor 
evaporation could affect it, and its operation would be 
perpetual and invariable. 

48. It muat be allowed that Be Luc effected an apparent 
ftpproznaation to this losult; he conatructed of solid siib- 
staDces only, and iriih great aueeess, what has been dnoe 
termed afi. "dectrioal oolatQiL" Thi» oolunm consiflted 
of gfoops of silver and zinc, mth intraipc«ed discs of writing- 
paper between each two pairs of metole. When twelve 
hundred piecflB or discs of silver, zinc, and writing-paper of 
about three-fourths of an inch in diameter, are arranged in 
the order of silverj zinc, paper, we have an apparatus 
approaching as nearly as may be to a perpetual electrical 
machine of very weak power. An efficient and easy method 
of construction is to lay silver leaf on writing-paper, that is, 
to silver the paper, and then with a common punch of rather 
more than half an inch diameter, cut out a series of discs ; 
a corresponding number of discs of common paper, and thin 
sheet zinc, should be provided in a similar wav- These 
discs are now to he arranged within a tube of glass carefully 
varnished within and without in the order of zinc, paper, 
fiilver paper, with the silver upwards ; then again, zmc, 
paper, silver paper, silver upwards, and so on ; by which, as 
is evident, we obtain a succession in the order of silver, zinc, 
paper, — silver, zinc, paper, &c., the silver and zinc being 
always in contact. The glass tube in which these discs are 
placed is capped at each end with brass caps j. through each 
of these paraes a wire rod; being screwed through the 
cap, it compiesses the series jrom each end, and serres at 
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t!ie same lime as a couductor from oauli extremity of ihe 
columa. When this apparatus ia insulated and a delicate 
electroscope attached to its opposite estremities, the electro- 
scope at the zinc eitremity diverges with positive electricity, 
and that at the copper extremity with negative electricity. 
The annexed figure 19 'it illustrative of the whole arrange- 
ment, supposed to contain bom 1000 to ISK) discs. 



49. Theelectricityoftension intheeztremeaof this column 
is often considerable. The positive and negative electricity 
is so rapidly and continii^y reproduced, that 
a light pfflidnlous body may be kept in constant ^'s- -'>■ 
motion' between the opposite poles of two 
united columns; these are usually placed on 
insulated brass beUs, a metallic ball being sus- 
pended by a fine silk line immediately between 
them, &B seen in the annexed figure 20, so 
that a continnal chiming is the result ; the action 
has been found to continue for many yeai's ; 
and it has been supposed that if the column 
were quite perfect, the motion would be perma- 
nent. This is, howeyer, very doubtful. 

Mr, Siugor constnictcil ;i scries of 20,000 group; of silver 
zinc and double discs of paper ; tiie elcotrical power of 
wliicli was so groat tliat a, light pith-ball electrometer diverged 
to a distance of two iuoliea : an electrical jnr containing 
fifty S(juai'e inches of coating was charged by ten minutes' 
contact suiEciently high to produce a disagreeable shock 
atarosB .the shoulders and breast. The charge could per- 
forate common paper when discbaiged through it, and Juse- 
D 2 
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about aa inch of platina wire of the sJajs^^ of nn inch in 
diameter.* 

Zamboni, in 1812, introduced a new material into these 
columns ; his piles consisted of paper thinly coated on one 
aide with peroiide of manganese, and thin tin leaf on the 
otlier. Gosaiot, with a series of 10,000 such discs, traced 
a slight chemical action on the hydriodate of potassa. Not 
the least chemical effect, however, could be traced with 
Singer's pile of 30,000 diaes, upon De Luc's prindple, not- 
withstanding its extraordinary electrical power. 

50. The action of this apparatus, if taken aa a diy series, 
would go fat in confirmation of Volta's original view of the 
source of power in the pile (43) ; but then we cannot consider 
it as an imqoeataonaUy dry pile, because there will be always 
BufEcient moistmre iu the intermediate paper, or other semi- 
conducting substance interposed between the metals to 
converfi it into a voltaio series of extremely low chemical 
power. In. fact, when the paper is scorched dry by artificial 
heat, the apparatus does not act. 

51. On reviewing the respective merits of the contact 
;ukI clicmicol theories of the source of power in the voltaic 
pile, we End the facts ia support of the chemical theory so 
overwhelming in every sena^ that it is next to impossible to 
i-osiat the conclusion, that chemictd addon is really the 
main spring of the whole machine. We find, for example, 
that chemical action does give rise to an evolution nf 
clectricit}' ; that the current force is entirely dependent on 
it, that wlieii tlie chemical action diminishes or ceases, tlie 
current also diminishes or ceases : when the chemical 
action changes, the cnrrenfc changes: when there ia no 
chemical action, there is no current; no case lias ever 
arisen of electrical current in tlie voltaic apparatus without 
chemical action, and there is every ground for supposing 
that the force termed chemical affinity is identical mth 
electrical force. Then again, Faraday has shown, that for 

• Elements of Eleotrioitj, pp. 461, 4G2. 
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a given quantity of water decomposed, a g^Ten definite 
quantity of electricity is trandferredj—tliat the fopces termed 
Chemical Affinity and Electncityaie the same,* — bo that the 
evolved electricity, sad the decompo&ing electricity, is in 
amount preciaely the same. 

52. On the other hand, the contact theory is embarrassed 
by anoiuallea and improhabilitiea in the nature of things. It 
assumes, that a current is called into action, and maintained 
by metallic contact alone : here we must asBumo tlio force 
of contact to be so balanced as to produce in any voltaic 
circle an effect equal to zero, (17) and whilst the metallic sub- 
stances in contact remain in every sunse uuchanged as 
regards their particles, they are pupposeil to actually dis- 
cliarge into each other ; if any change of state or con- 
dition in their constituent part idea irere admitted, it 
would then become a chemical theory. The two metals, also 
by this hypothesis, are in opposite eleetrieal states, the 
one being positive, the other negative, wliich states 
become at once destroyed by the interveniug fluid, and 
recommence — but how ? The whole efi^ect of the apparatus 
78 by the theory a disturbance and reproduction of elec- 
trical equilibrium ; it in no way supplies an explanation 
of the production and evolution of electricity. The force 
which is supposed competent to produce a change of 
electrical state in the metals, in respect of each other, is yet 
incompetent by tfas hypothesis to maintain the new state 
indnced; and withoat any conBomption whatever of the 
generating ibrce, we are oldiged to assume the prodootiou 
of a current contannaUy flowing on, i^:«n8t a constant 
resistance ; this is not in the nature of thingB of whioh we 
have the least expedenoe. There is no instance, in nature, 
of a production of power without a corresponding exhaus- 
' tion of source of the power. Now, in the chranical 
theory, the consumption of the original power ia exactly 
equal to the force -generated. If, as observed by Boget, 

* Biperimental BcKardun, S18, 783. 
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" there could be a power of giving impulse in a constant 
direction, without being exhausted by ita own action, it 
would easentially differ from eyery other known power in 
nature} all the powers and sources of motion, with the 
operation of which we are at all acquainted, when pro- 
ducing their peculinr effects, become exhausted in the same 
proportion as those effects are produced." * Xow Volta'a 
electro-motii-e force continues unexhausted in the produc- 
tion of a never-ceasing effect. 

53. The several effects of the pUe ss hitherto known may- 
be thus classed 

Isfc. Ordinary electrical effects ; attraction ; repulsion ; the 
spark ; shoeli, &c. 

2nd. Phj-siological effects : action on the animal body before 
and niter ilentli ; muscular motion and couTulsive actions 
excited in a rcceutly living body, and all the activifry of life 
called back after death. 

3rd. Chemical effects : decomposition and laransfer of 
various bodies through solids and fluids ; recomposition of 
decomposed bodies, &c, 

4th. Heating effects : metallic -mres made white hot or 
melted ; metallic leaves burned, and inflammable matter 
ignited. 

5th. Electrical and magnetic effects of current force : iron 
and steel magnetised ; all metnllic bodies rendered magnetic ; 
the compaes needle deflected from its meridian according 
to certain laws by any metallic wire joining the poles of- 
the pile ; evolution of Electricity by induced current force. 

'W'e propose to treat these several effects of the electro- 
' motiTe tqiparatas in the order tiiey here stand. It will first, 
however, be desirable to describe l»iefly the several philo- 
sophical instrumentfl requisite to a clear exp^imental 
illustration, elucidation, and investigation of this wonderful 
physical subject. 

* Library of tJeefnl Euovledg^ article " Oalvaoiam," (113.) 
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CHAPTEB ni. 

AppanitoB emi^ed In iDTcstagaUoiiB ofToltcda action— The Goniieiuer— 
SlwlroBcopei and Sleckometera — GmiekiihMik's Troo^ — WoUasbn^B 
Sai/berj — DonielL'B Gonstant Btttetj — Smee^B SatteFT^Nitiio Add 
Battaiy of (Jrove— Otter Vpliwc-battery amuigeiiieDts— -Voltameter 
hj Faraday — Thenno-EIeotrometerB — Tarions forms of Galvamnuetw 
— WheotstoDe's Rheostat — Bbeotomes and Bet^horea, 

54. TuE principal plulosophicttt apparatus requisite to aa 
expi.riLi;cntal invosHgatUHl of Toltaic electricity, may be 
classed as follows : — 

1. Instrumenta for detecting and measuring stnaJl quan- 
tities of electricity. 

2. Various improved forma of the Toltaic series for the 
production of el cctfo- motive force. 

3. Insti-mnenLa for measuring the beating and ehemical 
powers of the series. 

4. The galvanometer and other iustrumsntB for eatam^^ing 
currait magnetic force. 

INBTiltrMENTS m DETBOrma SMAU. QUASmTIffi OP 
ELEOTBIGITT. 

55. The first and perhaps the most iipportant of l^ia 
cQaas of inatrument ia the condenser, biiefly deBcribdd axti 
explained in oar findimentary Blectricify, page 54. It iraa, 
as we have seen (15), by the aid of tlua instrument that 
Vdta auooeeded in demonetratiug the dectrical develop- 
ment incidental to the contact of disednnlar metaU; it 
hence demands an attaitive and i\irther consideration. 

Yolta invented tins very ingenious method of detecting 
minute quantities of electricity, otherwise insensible to the 
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most delicate electrometer, maii^ years liefare hia discorery 
of tlie pile. The inetruinent, bb lie constrnoted it, was of a 
Tery simple form, — it vras merely a circular coDdacbin^ 
plane, resting on a similar but imperfectly conducting plane 
beneath ; such, for example, aa a plate of baked wood or dry 
marhle. IrVhen nn insensibly electrified body ia caused to 
touch the upper conducting plane, such is the influence of 
the imperfect conducting base on irhich it rests, that how- 
ever small may be the quantity of electricity in tlie weakly 
charged siibstaricc, it enables tlic upper plate to absorb or 
take up the whole of it, and render it sensible to the electro- 
meter; and this it does in virtue of the principle termed 
Induction ; * that is to say, the imperfectly conducting base, 
backed by the influence of the great mass of the earth, 
determines the whole charge toward itscli^; yet it is suffi- 
ciently non-conducting, to prevent a dissipation of the 
charge. The charge, therefore, accumulates in points of the 
conducting plane, the nearest to the imperfect conductor 
below; when we remove the upper conducting plate, it 
ceases to be under the influence of the mass of the earth 
through the imperfect conductor beneath ; and now the 
whole of the small charge which had become eoUeeted on it, 
is, aa it were, set freei and in this way it ia made sensible to 
the electrometer. The upper plate has been called the 
Collector, and the inferior plate the Condenser j Volta calls 
it a "conjugate" conductor. The title of hia memoir on 
this ingenious instrument is, "sqt les grands avantages 
d'une espece d'iaolement trcs imparfait,"— a tide erery vay 
expressive of the fact. 

66. In applying this principle, elcctriciaiis commonly 
employ two perfect conducting planes, one ccmnected with 
the eartb, the otber insulated, and placed very near the 
first ; the two surfaces being separated by some extremely 
thin insulaloi^ medium, sucli aa Tanushed silk, or thin oiled 

* Sndimenfaiy Eteetridt;, p. 15 (20). 
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paper, or in fact anj insulator; a thin plate of air answers 
extremely well. The larger the conducting plates, the 
more powerful the condenser is thought to be. It is 
difficult to obtain plain circular or other conductors of any 
great size sufficiently light for tlie purpose. The following, 
however, ia an efficient method of constructing such planes, 
and forming an efficient instrument. 

57. Let rough circular seg:menta of some 617 light wood be 
glued together, so as to form a wide circular rim about an 
inch or more wide, — these pieces maj be about the ^th 
of an inch thickj — ^the grain and joints of the wood should 
be croBsed in gluing the pieces together; when dry, let this 
circular rim be fixed in a lathe, and turned true both upon 
its external ancL internal ciroumferenee, and lie then crossed 
by two light diameters to give it further strength, and to 
Biistaiu the whole plate when fixed on an in- 
sulator, as represented in the annexed 
figure 21. The edges are to be covered 
with silver or gold lea^ and silvered or 
gilded paper is to be gently strained over 
tho two fiices. In this way we may obtain 
an extremely light flat plate, well adapted to 
this class of experiment; a plane of 18 inches diameter, 
conatructed in this way, weighs aljout 8 07..; a plate 10 
iucliea diameter, 4 oz. : eacli disc slioiild have a small brass 
plate fixed in the centre to receive an iuaulating or other 
handle.* 

58. A powerful condenser may be obtained by the close 
approximation of two discs, such as just described, of about 
a foot in diameter, and arranged as in fig, 22, which will be 
found an available and simple form of this valuable instru- 
ment. The lower or condensing plate a is placed on a 

• Hbe paper, previond; to being dlTered or gilded, alunild be itxained 
OD a board ; vbeu alveied, dlitnild be nllovred to dry : the dide u then 
mt out and applied to tbe fkea of the plate hj paate nnmd the inda rim 
of the cinnunf^enoe. 

D S 
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vertical conducting support, wbicli may be a light brass 
tube terminotiug in a small circular disc of wood of about 
3 inohea in diameter, sufBcieutly large to sustain the plate 



posed between the two planes ; the [liatcSj in f;iet, will be 
separate the ^Q-lb of an incli, eouietiULuiiy tliey will not 
touch. 

When Tve desire to detect a small quautity uf electricity 
in any given insulated body n, wo apply a to the eollectiug 
plate B, and after removing n raiso the collecting plate by 
its insulator handle t C, and then transfer it to the ]iarticular 
electroscope we have selected to esamine the result. If 
the lower plate be insulated on a glass rod, the two plates 
A B become collectors and condensers reciprocally whenever 
■we apply opposite electricities to each ; as in the case of 
Tolta's experiments (15), with insulated discs of metal, 

69. The student must not imagine tliat the condenser 
exercises any magic influence upon the developed electricity 
by ■which it is either multiplied, or its force increased. The 
only active operation of the condenser is to absorb or take 
up, under the inductiTe influence of the condensing w 
conjugate conductor, small portiooB of electricit;^^ to whioh 





fig. 32. 
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easily afc its centre o. The collect- 
ing or upper plate u, having an in- 
sulating handle c, is placed imme- 
diately over the lower plate, and 
rests upon three ranched glass 
pine, 1, 2] S, inaerted into tlie con- 
densing plate A, near its tnrcom&r* 
ence, at equal distances apart ; these 
points project about -^jfth. or ^^^th 
of an inch ; they are made of small 
glass rods, about the -yV^h of an 
inch in diamet^, carefully Tamisbed 
with shell-lac. We have in this case 
what may be considered as a plate 
of air of -i^th of an inch thick inter- 
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the ooUectiiig plato would be otherwise insensible, and 
which uniting iii the coUectijig plate sensibly affects 
delicate electroacopes whenever the collcctiiig plate ie 
removed from the influence of the condenaing plate opposed 
to it. The condenser, tlierefore, as is evident, no more 
multiplies electrical force, than a mechanical uiachiue multi- 
plies mechanical force ; all it does is to render a small force 
Bensible through the intervention of secondary means ; and, 
ao far, like the mechanical machine, it may be considered to 
eSdot sa appttcatdon of power, which without it could not 
be applied at all. 

ei;ectbosco?E3 and zlxctsoubxsbs. 

60. The electroBcopee and electrometers usuallj employed 
in coi^pmction with the condenser, are prineipaliy those 
described, (Eudimentary Mectricifcy, chap, iii.) such fiw 
sample as the single and double gold-leaf electroscopes, 
the electrical needle, the diverging reeds of CaTendidi, the 
refined and sensitiTely suspended wires of Oarallo, Ooa- 
lombe's baUoce of torsion, and the two-thzeaded or bifilar 
balance of the author. Yolta' hims^ employed an electro- 
scope formed of two reeds of straw delioataLy bung within 
a glass receiver, and estimated the tension of the developed 
electricity by the small degrees of divergence imparted to ' 
them. 

61. Of this class of instrument the linoJy-hiiiig needle aa 
used by Coulombe ia one of the moat aeueitivc. The following 
arrangement, represented in the annexed fig. 29, will be 
fo\ind eiiicient and available : — A light hall of cork or pith, 
a, carrying a fine electrical needle, a b, is suspended mthin 
a glass receiver by an estremely fine filament of unspun 
silk, as represented in the figure j the needle a i is con- 
structed of a short piece of fine straw-reed terminatuig in 
a stout thread of glass Tarnished with ahell-lao, or in a 
thread of lac or other insulator j alb the end of this thread 
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is a disc of gilt paper, i, of about half an inch or more in 
diameter. The side of tlio reeeiyer ia perforated for the 
posBage of an insulated wire c d, carrying at its inner 



jrom it by depressing the elide. 

When the least quantity of electricity is oommimicated 
to the ball c, the disc h of the needle separates by repnlflioa 
from the disc d of the fixed wire c d. Coulombe, who con- 
structed electroscopes with this kind of suspenBion, states, 
that " it only rerjiiiros a force of the thousandth part of 
a grain acting upon a lever of an inch long to turn the 
needle through a whole circle or 360 degrees." Excited 
sealing-wax presented to the fixed rod c d at .i distance of 
three feet caused tl:e needle to diverge 90 degrees. The 
electroscope alluded to was less than six inches in diameter, 
the insulating stem of the needle being a thread of gnni- 
lac 12 lines long ; and the suspension silk 4 inches long, the 
whole did not weigh half a grain.* 

62. Single-leaf Electroscope, with electrical column. The 
electrical column explained and described (48) may bo 
employed with advantage in increasing the sensibility of the 




Fin. 28. 



extremity d a conducting disc 
similar to the disc b, fixed on the 
end of the needle ; and the whole 
is BO circumstanced as to admit 
of the two discs reposing lightly 
in contact vith each other ; the 
exterior extremily of the wire 
e d terminates in a small gilded 
ball or otherwise in a collectang 
plate, immediately under which 
is. placed a condmstng plate m, 
which by means of a sliding tube 
of brass may be brought as close 
to the collecting pl^ c as we 
please, or otherwise be removed 



* BUmoiies de I'Aewlfini^ for 17SS. 
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gold-ieaf electroscope, and in detecting the presence of minute 
quantities of electricity. Pig. 24 represents a compound 
instrument of this kind — at once aimple and effectual. 

A diy pile z a (48) containing fiiom three to Sve hundred 
pieces is sustained horizontally on an insulator immediately 
b^ore a globular glass, in which is suspended in the usual 
vaj a single strip of leaf gold m ; the glass is perforated 
on each side in points 
diametrically, opposite, 
for the ' passage of two 
stout metallic wires p a, 
n b, completely insulated 
in passing through the 
glass : these wires teF- 
minate within in two 
gilded lialf baUs of about 
half on inch in diameter ; 
the suspended leaf q m 
hangs midway between 
their flnfc surfaces, the 
exterior extremities, p n, 
of the wires terminate 
in small gilt Mis ; these 
are connected when re- 
quired by conducting cross wires p X, n s, wifcli the opposite 
extremities 2 « of the electrical column. When averyweakly 
charged body is applied to the collecting pl.itc r, the leaf 
g 111 becomes drawn to the positive or negative surface a b 
according as the electricity is iiegati\'e or positive. The 
glass in which the leaf is hung is mounted on a ciu'X'ed rod, 
as seen in the figure, so as to allow of its projecting in such 
way as to aiford the means of opening the cap which closes 
the lower end of the glass and drying the interior by 
artificial heat. If a condenser be placed in connexion with 
the. plate p, either as a separate system or as resorted to 
by Voltft (15) fig. 9, the instrument becomes extremely 
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valuable aa a means of detecting mimite quantities of free 
electricity. M. Bohnenberger, Professor of Pbyaicfl at 
Tubingen, invented an electroscope of tbis kind in which 
the single leaf was suspmded betwew the opposite poles of 
two sepraate iry piles. His instroment appeara to have 
been bo seomtiTe t^at a small stick of gum-lac, excited hj 
clotb, affected the leaf at a distaiLce of &ve or six feet.* 

68. The author has occasionally substituted for the dry 
pile two small narrow coated phials united at their hoses 
in a ring of wood, and insulated so as to stand horizon- 
tally in reverse directions. These being weakly charged, 
one positiTely, the other negatively, are very efioiant in 
determining the motions of the stwpended leaf in either 
direction ; a mere residuum of a chu-ge is sufficient. 
A very delicate instrument of this kind may be also con- 
structed without the aid of the electrical column, z a, fig. 24, 
in substituting circular disca for the balls p n, and bringing 
two coalt'd pliialp, wealily aud oppositely charged, to 

act upon tlic wirca and disca p a, n b; the charging rods 
of the jara tormiiinting in equal and simihir discs. lu this 
way, by I'aryiag the distance betweeu the charged and 
neutral discs, we may impart to the half balls a h, on each 
side the leaf, auy degree of positive or negative influence we 
require. 

64. Si/tlar condensing Electrometer. ijistrumont, 
invented by the author, will be found extremely efficient in 
detecting and actually measuring email quantities of 
electricity. 

A light needle a b, figs. 25 and 26, about five inchea in 
length is suspended within a glass cylinder by two filaments 
of unspun silk ; the filaments are set parallel to each other 
on each aide of the centre of the needle at about the fifth of 
on inch apart, sa represented in fig. 23. The centre portion, 
c d, of the needle is a short piece of varnished reed-straw 
about two inches in length ; stont pieces of thread glass, « a 
* Ann, it Oh., t. xri. 
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and di, Tamiflbed wibh gmn-lac, oi my otiier insulator, 
Garrying light gilt difics, a h, of half im inch in diameter, are 



inserted into the opposite ends of the reed, the whole heing 
in one straight line, and constituting a light needle of ahout 
five inches in length. 

This electrical needle is sustained and suspended in tho 
following manner : — there is a oentrnl \virc-rod, t ii, about 
three inches iii length, terminating in small motiillic balls, 
t it, about a fourth of an inch in diameter ; the bililar silka 
pass through a central horizontal hole in tliu upper ball i, 
and are secured above in a hole through the suspension 
wire Wf by small pegs of wood; the central reed of tbe needle 
passes also through the ball t by which it is sustained in a 
horizontal position with sufficient fi-ietion ; the lower metal 
ball carries an index at a adapted to a graduated ace x y, at 
the bottom of the receiver, fig. 25, so as to show clearly the 
least amount of deflection of the needle from its quiescent 
position', this index is Bimilar to tbe needle sboTe, and is 
Bostained in a nmilar yiay, being a abart oentral reel 
terminating in a ghisa thread; there is a small hole in the 



wider part of the hall «, to admit of its playing &edj 




Fig. 25. 



Fig. 26. 
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about a fine steel central pin, and by whicli any undue 
amount of oscillation of the suapensiou is prevented, and 
the central position of the needle preserved ; the dimensions 
of the suBpension-rod 10 above, and the small ball t below, 
are so adjusted as to place the Buspensiou threads about the 
one-fifth of an inch apart. The irhole of the auapension 
apparatus, together vith the needle, is sustained by a tabe 
of glass about on inch in diameter fixed centrally in a glass 
plate or a plate of Tamielied "wood, ao that the needle 
-with its index ivbeQ duly adjusted may be easily let 
down and placed wi&in the glass cylinder beneath, which 
benoe becomes completely closed. To prevent the bifilar 
threads from cros^ug upon each other when the needle a b 
is deflected up to an arc of 90 degrees, there is a small stay 
of cork A, at their central portions h, and through irbich 
they pass. The needle, Sg. 26, is represented in a state of 
divergence. ' 

The glass cylinder is pierced at two opposite points of its 
circiiitiferenee for the passage of two light metallic rode, em, 
ij tt ; these rods are sustained by cork plugs fitted in the liolo 
iu the glass; the glass is carefully vnrnislied round these 
openings; tlic extremities of the rods, em, y ?i, within the 
gliiss carry circular discs of gilded paper -ai, 11 correspoudiug 
with the discs a, 6 on the needle ; tlieir cxtremitierf without 
the receiver, support small collectiug plates ef, r/ h of nboiit 
two inches diameter. These collecting plates have corre- 
sponding condensing plates j, r fixed on small tubes of brass 
msidc to slide within exterior tubes, so as to be withdrawn 
or approximated to the Upper condensing plate at pleasure, 
as indicated in the figure ; the whole is fixed on a conveuient 
elliptical base supported on three levelling screws ; the 
fixed discs mn are so placed in respect of t!ie discs ab ai 
tlie needle, as to admit of the forces repulsing the needle in 
opposite directions, one being on the one side of the needle 
disc, and the other on the opposite side. The delicacy of 
this sort of suspension, if we employ filaments of silk snffi- 
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(dently fine, is quite wonderfu], wLilst the reaetire force of 
the double silka is available aa a meneure.* 

C5, To detect minute electrical development by means of 
this instrumeut, as for example the electricity of metallic con- 
tact (15), we place the large condensing plate just described 
(58) on an insulated rod, the collecting plate resting above 
it in the way already explained (58) ; then, having made 
repeated contacts with the metallic plates, the subjects of 
experiiiiCTif, nnA applied them, one to ihv upper plnte A, the 
otiier to tiiL- lower plate li of tlie uon.U-user, lig. 22 (5S), we 
proceed to transfer the electricity of thusu plates a b of the 
large condenser to the small collecting plates ef, // h of the 
electroscope (fig. 25). If required wo repent this operation 
several times ; we then remove the lower small condensing 
plates q, r by depressing the slides, and the needle of the 
electroscope diverges on one side with positive, on the other 
with negative electricity: whentheamount of deflection of the 
needle is small, the quantity of electricity will be nearly as 
the angle of divergence in degrees of the graduated arc x y. 

66, Many instruments have been invented as a means of 
further increasing the action of the condenser (58), anil of 
multiplying the effect of Voita's original contrivance ; these 
have been termed " doublers," " multipliers," and such like. 
Unfortunately their operation is very precarious and equi- 
vocal, inasmuch as they may themaelves produce in the course 
of the manipulation the veiy developmentB of electri<nty 
they are Hupposed to detect ; they are ao fitr to be avoided. 
On similar grounds we aroid the use of thick varnishes, var- 
nished silk, or vainished papers, whicb are sometimes inter- 
poaed between the collecHng and condenmng plates, or 
with which the condensing plate was not niJEeqnenfly per- 
manently covered (fi6) ; the least friction in the application of 
the collectang plate, or any other casual disturbance, wonld 
be a source of electrical excitation ; Yolta'a original method 
of laying the collecting plate oil an imperfectly iusulatiDg 
■ jnjL IbtDs, fiiT.1836, p. 417, 
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base, sucli as baked wood, must be guardedly followed on 
tlie same principle. The safest combnicHon ia that jaeb 
described (58), and tbe most unexceptionable means of 
enlarging the effect is hy the tranafer of the first coUector 
to the amall plate of a aecond condenser attached to the 
electrometer^ aa first contrived by Cavallo (05). 

67. Qalvanoscope Frog.—ThQ prepared frog, as we haye 
already seen (0), is very sensitive to electrical action; it is 
bence an extremely delicate electroscope when applied to 
detect minute quantities of animal electricity. The most 
approved method of preparing the frog for tbia pur- 
pose, ia to cut it tlirough the middle of the pelvis. The 
muscles of the thigh are then carefully separated, and ono 
of the lumbar plexuses of nerves is to be divided as it 
pasaea out of the vertebral column. We have then the 
leg of the frog united to its long nervous filament com- 
posed of the lumbar plexus, and of its prolongation in the 
thigh, that is to say, the crural nerve. This preparation 
is directed by filatteucbi to be guarded in a varnished 
tube of glass, as shown in the annexed figure 27. In apply- 
Fig. 27. 




ing it, we hold the tnbe in libe hand, and bring any two 
parte of the frog we wish to examine in contact with the 
nerrons filament^, butat separate and distant points -of it. 
Contractions then ensue in the tonscular portions within 
the tube. The disagreeable process of preparation, and 
the apparent omelfcy of iti ia very unfavourable to a general 
use of this teat of electrical action, except under very pecu- 
liar circumstances. A variety of other forms of eleofero- 
scopic instrumentH might be here quoted, but it seems 
lumeceasary to our present purpose to extend t^s snttject 
further. The student will find a full description of .such 
imtruments in our Kudimentaiy Etectriciiy, chap. iii. 
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TABI0U3 FOEita OP THE VOLTAIC APPAEATU8. 

68. OruichahtnJi'a Trot^h, — Thia form of Volta'a aeries 
was invented by Mr. Cruickahank of Woolwich, and waa 
the firat great step in fafiilitating the application of the pile 
as an instrumenb of pbyaical research. "We have alr^y 
seen (80) that many inconveniences attend the apparatiu 
as conatmcted hy Yolta, beside that its power vaa to a 
great extent limited ; immediately therefore that the account 
of Yolta's discovoy reached this country in ISOO, Cruick- 
sbank conceived the idea of converting the pQe into a 
more pennanentiy active and poverfnl apparatus. This he 
effected by iaeana of fixed cells in a long narrow insulating 
trough, of which the several pairs of metallic plates themselves 
formed the partitions. He was thus enabled to interpose 
a mass of fluid between each pair of plates without the aid of 
any absorbing substance foreign to the experiment. This 
apparatus is represented in figs. 28 and 29. It consists of a 



Fig. 28. Pig. 29. 




water-iigbfc trough, p N, fig. 28, of baked mahogany, put 
together with white-lead ; it is usually about 4 inches sqnare 
and about 30 inches in ^gth, and may contain a seHes 
of about 50 pairs of plates 8 inches square,, soldered together 
and fixed parallel to each other by cement, in grooves cut in 
the opposite sides and bottom of the trough, as indicateil in 
the figures; the ordw being (copper, zinc) (copper, zinc,) &c. 
The sides and bottom of the feough may be coated also with 
the same electrical cement.* This spparatna is racited by 

' A good oement for thia pnrpoBe ia obtuned ly melting together in 
an eartben pipkiu five pwtg of rorin and four parts txeB'-wu, and Uien 
adding sradnsllj two parts of powdered red ochre. 
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pouring wnter or a Balms fluid into the intervening cells : we 
tbos complete a aeriea in the oriex of | c z / 1 c z / 1 and 
c z I aa indicated in fig. 20 ; or, according to the chemical 
theory of the pile (44), in the order of [ c j z / o | a /o ) 
z. I The first copper plate c on the left, and the last 
zinc plate 7. on the right, fig. 29, not hnying the least 
iiiflueiioo i:i augmenting the power of the series (34)- 
liemove these, therefore, or consider them merely aa tlie 
doors of the pile (1)4); then we eonvort the series (c 7,/,) 
(czf,) (c z,) &o., into I z /c I z /c I z/c 1 i.. 

6!). In this trough batter^-, as commonly conatnictod ac- 
cording to the contact theory, the negative pole or extremity 
has been called the copper pole, and the positive pole or 
extremity the zinc pole. The flnid generally employed for 
excitation, ie, nitric acid of commerce 1 part, water 16 parts. 
Water acidulated with the sulphuric or muriatic acids may 
be also used. An effective acid solution is obtained by 
mixing 1 part nitric acid with 1 part sulphuric, in 60 parts 
water; or 2 parts sulphuric acid, 1 nitric, and 80 water. 
When a number of troughs are united, so as to obtain a 
series of two to three hundred pairs of plates, a battery of 
great power is obtained. 

70. Battert/ of fhe Soifal Imtittttion. — The preceding 
arrangement, although very efficient^ is still attended by 
some inoonvenience, espedally in removing the littnid from 
the plates. If the plates are large or nnmerouB, the appa- 
ratus ia Tery heavy. It is also diffieult to renovate the 
Burfiifie of tiie zinc plates when covered with oxide. To 
avoid this, it was proposed by Dr. Babington to complete an 
independent cellular trough, with glass partitions, or par- 
titions of some other had conducting suhstsnce, to con- 
tain the dilute acid; and having arranged the metal plates 
under Volta's form of the " Couronne de taases" (31), to 
place them in, or remove them from the liquid at pleasure. 
Porcelain troughs in Wedgwood ware, with pattitions, have 
been employed with success ; and for greater expedition in 
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immersing or removing the plnfcea from the liquid, they were 
affixed to a bar of baked wood. This arrangement is indi- 
mted in iig. ^50, in whicli- two pairs 
of plates only are represented, The 
most perfect insulation would be a 
varnished trough of baked mahoganv, 
having distinct flat colla of glass 
fitted in it, closely packed together. 

The battery in the laboratory of 
the Eoyal Institution, placed at the 
commaad of Sir H. Davy in 1810, 
consisted of 200 porcelain trougha, each containing 10 double 
plates 4 inches square, the whole number of double plates 
bemg 2000 ; each pair of plates had a sur&ce of 32 square 
iuchea taken togefiher, ao tbat the whole soifitce amounted to 
128,000 square inches. 

71. Mr. Children, IMt-S., had constructed about the same 
period, viz. 1809, several gigantic batteries, one consisting of 
copper and zinc plates, 4 feet high by 2 wide, excited by 120 
gallons of fluid ; and another of plates, 6 feet high by 2 feet 
8 inch. wide. These plates were managed by saspeneion-pul- 
leys and balance-weights. The power was Buch as to render 
6 feet of thick platinum wire red hot. Napoleon I. had a great 
battery of the same kind constructed for the Polytechnic 
School, containing 600 pairs of plates about a foot square 
each, the whole battery exposing GOO square feet of surface, 

72. Wollaston's liatteri/. — Some years after the construc- 
tion of the former battery (70), Dr. WollaaLon showed,* 
that by iiicrpasing the quantity of copper or negative con- 
ductor, the power of the series became augmented, and 
recommended that each cell should contain two copper 
plates, one on each side the zinc plate, so that both surfaces 
of the zinc plate might be exposed to the action of the 
copper surface. To effect this the copper plate is increased 
in length, and bent round and under the ziuc plate, which 

• PliiL Trans., 1815. 
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tlms becomes jilaced in tlii; iiilerv;il between the folds, as 
indicated iu. tlie adjoining fig. 31, ivliieh ia a mere diagram 
representing two pairs of plates with double copper in 
adjoining ccUa— tlie zinc plate of llie one connecting with 
the copper of the following. The author of this little work, 
in a paper read at the Royal Society of Edinburgh, in 



augmented by a still further increase of the copper aur&ce, 
being principally limited by the increased distance at which 
it ia requisite to pl^e the additional plates of copper ex- 
ternally to the Bine.* 

73. Msxif fotms of the Voltaic batter; npon this principle 
hare been since devised. In Bome a eenea of cylindrieal 
glass TKsels hare been used as cells, and the copper and 
zino pUtes rolled round each other in a cylindrical form, or 
OBSodated as simple cylinders, with interposed haircloth or 
oth^ bad conducting matter, to prevent their touching. 
The American philosopher, Professor Hare, produced an 
effective battery of this description, which he calls a Defia- 
grator, from its intense heating power at the instant the 
Feveral elements are simultaneoualy immersed in the acid 
solni ion. A similar helical battery was subsequently con- 
structed for the University of Prance ; it consists of 12 
helical coils, each containing 60 square feet of surface. 
These coils, by appropriate machinery, can be lowered into 
or raised out of the acid solution at pleasure. The heating 
power of this battery is intense. 

Pepys in 1821 constmcted an helical coil, for the Londim 
* Ed. SiaL Tiana. vol xii. 




Fig. 81. 



1 



December 1S31, examined the law 
of action as regarded the distance of 
the plates and the quantity of the 
negative metal, and showed that not 
only is a great increase of power 
obtained by doubling the copper sur- 
face as in "VVoUaston's arrangement, 
but that the power is still further 
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Institution, of enormous power and dimensions, couaisting of 
a sheet of zinc and one of copper, each 50 feet long by 2 
feet wide, wound rouad each other upon a cyliiidrical barrel, 
■with iuterveuing horsehair to keep the inetiiU out of contact. 
This coil was lot down by pulleja into a large vat confcaiaing 
150 gallons of acid solution. 

Mr. Hart, of Glasgow, observing the influence of the folded 
copper of Wollaeton'a arrangement, conceived the idea of 
converting the copper plate into an inde- 
pendent cell to contain the acid solution, 
placing the zinc plate w-ithin it. Several eon- ' 
venient arrangements of this kind, of various 
forms, have hence arisen, of which the simple 
cylindrical battery ahown in the adjoining 
figure S2 ia peiiiapB the liest. It; is evident 
that the copper sur&oe c, in ttue batter/, 
vithiu and mthont the zine Eior&tce g, may 
he considerably inoreued by additional 
copper cylinders concentrically placed in 
the cylindrical copper cell about the zinc. 

74. At tiiG time of these several improvements in Volta's 
original apparatus, the theory, or rather principles, of its 
action were not well ascertained, whilat many importaat 
practical results remained undiscovered. The consequence 
was, that although the first effect of the new aiTaogeineuta 
was powerfully brilliant, yet the action soon declined, 
The acid solution continuing to dissolve the oxide of zinc 
formed on the surface of the zine plate (30), soon becomes 
exhausted of what may be called its constitutional [luwcr ; 
it not only ceases to act further on the zinc, but ils con- 
ducting power is much impeded. The hydrogou aUo set 
free at the negative plate (46) is very destructive of the 
battery power; it adheres to the surface of the negative 
metal, and so deteriorates its operation. It further tends to 
call np the zino diaBolred in the acid into ita pEerions metaOio 
state, and deposit it ou the copper ; so that we at last have 
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virtually two zinc plates opposed, instead of a zinc and 
copper plate. Beside all this, we have a local action on 
tliQ impure zinc plate itself, by which it becomes rapidly 
destroyed, and portions of it are thus thrown out of 
action (30). These and other disturbing causes arising out 
of pattacular chemical actions peculiar to the especial case- 
to say nothing of the nitrous acid fumes found to arise 
from the cells — all tend to a destruction of power in the 
several forms of the voltaio apimratus just described. The 
discovery of the Uttle action of dilute sulphuric aoid on 
pure ziuc, or on amalgamated ^nc (80), is certainly efieotual 
in removing some of these difficulties, but it does not remove 
them altogether. 

75. JDattielFa Consiani Battery. — Things remained pretty 
much in this state up to the year 1S36, and experimentalists 
utill continued to struggle with the palpable defects of vrhat 
have been since termed one-fluid batteries; when the late 
and much-to-be-lamented Professor I)ftI^ell, of King's 
College, London, discovered and applied an effectual means 
of preserving the power and continuing tlie action of the 
apparatus for a very considerable time. This battery, a 



•' - ' • earth or animal membrane. Within 

this porous cell there is a solid cylinder of amalgamated zinc 
z z. The outer copjper cell, o o, is filled with a saturated 




Fig. 33. 



single cell of which is represented 
ill the annexed 33, consists of 
an association of two metals with 



two fluids. We have first a copper 
cell, c c. about 3i inches in diame- 
les high. Tills cell has 
a perforated copper shelf q g near 
its upper end, with a hole through 
lis ceiit-re, as seen in the flgure. 

ithm the copper cell is a second 
cylinder or cell d d, made of some 
porous substance, such as porous 
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Bolution of Bulpliate of copper, connnonly called blue 
vitriol, having a little exceaa of acid added to it; and crystalB 
of the same salt are heaped on the perforated shelf g jr. 
The interior poroua cylinder d d, within vMcIi is placed tBe 
amalgamated zinc, is tilled with diluted sulphuric acid in 
the proportion of about 1 part acid to 20 parts water. The 
couuexioDS with the opposite polea or electrodes are made 
hy communications c b and 7. ij, through tlio coinprosaing 
screws at c Under this arrangement no aclimi ensues 
before the circuit c i ^ z ia coiupluic — tiiat is, if the surface 
of the zinc cylinder he effectually amalgamated with mercury 
(30). When, however, the circuit is made cumpliite, then 
a vivid and sualaiued action commences, which will continue 
pretty constant for some eight to teu hours; after which 
time, the iaterior of the copper cell, c c, will be found 
eoated with pure copper. The crystals of the sulphate of 
copper will bare become dissolved, the solution will have 
become paler, and tho dilute sulphuric acid will have 
become pretty nearly saturated with oxide of zinc. It now 
becomes necessary to renovate the exhausted elements 
before the battery is again fit for use. 

76. The points of value in this ^angement, and the 
piinciples of its operation, are these. First, The hydrogen 
evoked (44) unites immediately in its nascent state with 
the oxygen of tbe dissolved oxide of zinc, azid hence does 
not appear at all. Secondly, instead of zinc being revived 
by the hydrogen and deposited on the copper (74), to the 
great deterioration of the Toltue action, copper is revived 
and deposited, which is &vourable to it. The porous 
cell separateti the solution of copper from the zinc, and 
hence local action is prevented. No fumes of any kind 
arise, and the only limits to its action appear to bo tho 
consumption of tlio zinc, the consequent saturation of 
the dilute sulphuric acid in the porous cell d n, and tho 
exhaustion of the copper solution in the external copper 
cell c 0. This last is in great measure provided for by the 
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supply of the orystaU of sulphate of copper on. the calandsp 
shelf q q. The satuzatioQ of the zinc solution, and the 
consumptioii of the metal, can only be met by renewal ; 
still the rapidity of this is not bo great as to prevent a 
coustant action in tlio battery for many hours, Ihere 
remains still to be considered, as observed by Professor 
Daniel], tlio minor affinity of the copper for the acid. "VVc 
can only meet this by using plates of platinum, and causing 
a perpetual renewal of them by the decomposition in the 
circmt of chloride of platinum; hnt this would be too 
costly.* 

"When a number of cells are united in the ordinary 
■way (27), by connecting the 7,iac pole of tbc one mth 
the copper of the other, we obtain a battery of immense 
power. Two dozen cells are ample for any ordinary pur- 
pose, especially when excited witii hot solutions, which ia 
found to increase the power considerably. The inventor of 
"Hiis very splendid arrAOgemeut has determined that for a 
given zinc surfiice the action is the same, whatever the 
diameter of the eoppep cylinder. The resistance to be 
overcome is as the distanJca betveen the metals directly 
and as ^ir common section inversely -t 

Hiony Toltaie b^itenes uptni this principle with two 
fioids have been since constructed. It is, however, to "Sta- 
feaeoT Darnell's intellectual researches solely that we owe 
this great advance in Voltaic electricily. 

77. Orove's Siitric Acid Batterg. — This battery, which 
ia perhaps the moat powerfid combination yet arrived 
at, ia baaed upon similar principles to those of the Con- 
stant Battery of Daniell. In this arrangcm^t, the two 
fluids employed are dilate sulphuric acid and strong 
nitric acid, kept apu^ from each other by partitions o£ 
porous earthenware. The metal» are zinc and platinum, 

* Ohemiaal Fliiltwopbr, p. SOS. 
■f- Tbe MmmoB Beetion ia equal to tbs mean beiweNL the two Emboss. 
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The aunexed fig. 3i represeuta one cell of this battery. 
The ceJla consist of troughs of glass or earthenware, a d, 
aeid proof. "Within each of theao 
is placed a porous carthcnwai-o cell 
h c. This porouB cell contains con- 
centrated nitro-Bulpliuric acid — that 
is, nitric and sulphuric aeida in 
equal parte. The exterior cell, or 
spftoe, \ i d, contains dilute sul- 
phuric or muriatic acid iii the pro- 
portioD of one part acid to about 
three of water ; A c ia a plate of pla- 
tinum foil immersed in the concen- 
trated acid in the porona cell, and a d 
is a plate of annal^Drnted zme benb 
round and under the platinum plate in flie exterior cell A s, 
containing the dilute acid •,ps!'m the eqnneeting rod to the pre- 
ceding platinum plate and Tiy the connecting rodto&e 
next zinc plate y. The platinum and zinc plates are united 
hj small clomp acrewa, and the BSEtea is eo mechanically 
disposed as to exactly fib l^e suceessiTe cells. 

78. The action of thia battery ia wonderfully brilliant 
and powerful. The conducting power of the liquid ia very 
perfect. The hydrogen evolved is immediately taken up 
by the acid in which the platinum plate ia immersed, and 
decomposes it ; so that powerful fumes of nitrous gas 
become evolved as tlic battery works ; therefore the acid 
ohanr;c3 colour and becomes p.iler. There is no countei"- 
precipitation of zinc, as in the onc-flnid battery (74), nor is 
there any copper prccipntion as in tlie Constant Battery (75). 
There being no metallic precipitation at all, we liave no 
connteivaotion ; and since the nitric acid of thia battery 
puis with its oxygen more easily than the solution of the 
sulphate of copper, in the constant batteiy, reaistance ia dimi- 
nished and 1^ power increased. Still, for extenaiTe piao- 
tdcal -working, the Conatant Battery of BanieU is more 
B 2 
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convenient and is attended by less difScuity ; aad it is quite 
free from the offensive fumes of nitrous gas. 

79, Smee's Satim-y. — An estremely simple and convenient 
arrangement of a one-fluid battery, by Mr. Smee, demands 
notice here. Tn this arrangement the inventor avails him- 
self of a property of rough metallic surfaces, to throw off 
or to get clear of hydrogen gas deposited on them ; smooth 
surfaces cannot do this, and this constituted one source of diffi- 
culty in the progressive march of Voltaic combinations (74). 

The arrangement is very easy and simple. It is repre- 
sented in the annexed fig. 35 ; in which a i is a plate of 
Milver, covered with a fiuely divided powder of 
platinum, and which Smee calls platinized silver. 
This plate ia fixed between two plates of zinc 
» g, through the intervention of a bar of wood. 
The zinc plates are nnited imd Becnred againet 
the wood hj damps passing; over the bar from 
pkte to plate. The platinized Bilver is prevented. 
Irom touching the zinc by intermediate pieces 
of cork covered with sealing-wai. The connect- 
ing wires of the opposite electrodes are through 
the points z s, one from the zinc plates, the 
other from the platinum. The metals thus 
arranged are placed in any glass or other appropriate vessel 
containi)ig dilute sulphuric acid, in the proportion of 1 part 
acid to 7 parts water. "When so placed, hydrogen ia given 
off freely with a hissing noise, and a large quantity of 
electricity ia evolved. The characteristic of this battery is 
its great simplicity and power. Platinum may be employed, 
or palladium, but the aurface must be roughened by sand- 
paper. "When silveris employed, the siu-face is first brushed 
over with a little strong nitric acid; this gives it a frosted 
appearance ; it ia then washed and placed in dilute sulphui-ic 
acid, containing a few drops of nitro-muriate of platinum. 
On inloroduoing a small plate of zinc placed in a porous tube 
containing dUnte sulphuiic acid, and making contaob between 
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the metals, the platinnm is daposited upon the atlTer, and 
cOBstitates what iias been termed platinized nilver. 

Iron is efTectual when rubbed over with nitro-muriata 
of platinum. Mr. Smee, considering tbe itiechanical action of 
the rough surface in clearing tbc plate of liydrogen gas, has 
termed this arrangement "the cheraico- mechanical battery." 

Prom the dense atmosphere evolved between tho metal 
plates. Grove recommends the use of platinised gauze, so as 
to bring the plates nearer together. 

80. The following brief reference to, and enumeration of, 
several valuable forma of the voltaic apparatus may not be 
altogether out of place in concluding this notice of successive 
improvements on Yolta's original pile. 

Kemp's I'ile — consists of a series of zinc plates, fluid 
mercury, and dilute muriatic acid. The iluid mercury and 
dilute acid are placed in a shallow box-wood cup. The zinc 
plate is held beneath the cup by a central wire passing 
up into the mercury. A series of these combinations are 
placed one over the other, so that the zinc plate under the 
cup of one becomes immersed in the dilute acid of the cup 
beneath. We thm obtain the aeries — zinc, merouiy, dilute 
acid. In this pUe the negative 3netal is a fluid. The artange- 
ntent, however, was not found bo efficient as anticipated. 

Ssmp'e Amalgam File, — Xhe mechanical arrangement is 
similar to the former, bat here tbe plate below the wood 
cup is copper, and an amalgam of zinc and merouiy in a 
fluid state is substituted for tbe mercury. The liquid is 
dilute muriatic acid and muriate of soda. This pile was 
found actyre ; the negative metal being a soUd, it has the 
great advantage of remaining a long time in action. Little 
or no oiide is formed in tbe amalgam, the particles of zinc 
being taken up immediately by the acid. The discovery led 
the way to amalgamated zinc plates (30). 

Sitnten'a Hatter ij.—'hi this arrangement carbonaceous 
matter is substituted for the platinum of G-cove : the prin- 
ciples otherwise the same. 
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Sahonimn'e 5a(««y.— Dn QrcnrB's plan ; peroxide of Iwd 

18 used instwid of nitric acid. 

Grove's Oris Baltery. — Oxygen and hydrogen gaaea are 
employed with strips ot" p]a,tiDiim foil. 

IVdtcf liatteri/. — After Criiickshank : an extensive seriee, 
ivitli pure water. The most perfect are those by Cross, 
Noad, and Gasaiot. The hattery by Cross contains 2400 
piiirs of plates, tlic cells Tvell iusulated. N"oad'a battery 
eousists of 500 cvliiidrical pairs in green glass vessels. 
Cassiot'a hattovy extends to 3.)20 cylindrical pairs, placed 
in cells of varnished glass, and insulated on varnished glass 
pillars. 

Sfurgeon's Batlery. — Materials arc, cast iron cyhndrieal 
vessels, cylinders of rolled /inc amalgamated; and dilute 
sulphuric acid. 

MulUns' Sustaining Hatter y. — This is a double-fluid 
Imttery, on the same principles as Danieli's. Materials are 
amalgamated zinc, copper, solntion of sulphate of copper, 
and solution of muriate of ammonia. 

Leesoi^i iBattory. — Is a Daniell's arrangement, iritii 
bicbromate of potaua instead of sulphate of copper. 

Walker's Omtimt Satimy. — After Daniell. An ewthen- 
ware jw is employed, its interior being coated witti a pte- 
oipitate of copper, by which it acquires a roogli surfftce, 
favourable to the throwing off hydrogen. This ia so. 
extremely derer and valuable piece of apparatus. 

Starlit Sattery. — Each pair consists of a copper and zinc 
plate united at their upper edges, the other edges are set in 
grooves in a trough ; tlie plates are packed very closely 
together. The trough containing the plates is connected 
longitudinally with ;i, second trough, containing the acid 
solution ; the two troughs turn upon revolving centres, so 
that tbo fluid may be turned from the one into the other. 

Young's Batteri/. — After Hare's battery : the plates are 
80 arranged, that a copper square comes in between each {»ir 
of zinc squares, and a zuic square between each couple of 
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copper squares. AsBerted advtintage is, that an equal eSecfi 
is produced witli oue-half the quantity of copper. 

Jparadaifs Arrangement. —^imWu's: to Hare's : the plates 
are as in Wollaston'a battery, zinc and double copperj but 
the copper is ao bent as to come extremely near the zinc, 
being prevented from touching bj nn intervening bad con- 
ductor ; an estensive series are closely pjitked together and 
plunged, wheu reijuired, into a trough without pattitiona 
containing an acid solution, insulating cells not being in this 
case necessary. 

battery bi/ Van Melsen of MaeslricJit. — The copper of 
each pair envelopes the zinc of the following pair, as in. 
"Wollaston's battery, but the plates of zinc and copper are 
much nearer, being only -j jth of an inch apart, with email 
pieces of cork between : the plates of copper of the coi^ 
secutive elements are separated hj glasH plates. The eeries 
is Bet in a frame and plunged into an acid solution vhea 
rectuired. The zinc is carefnlly amalgamated. The arrasge- 
ment is reiy efiicienb and powerful 

SI. In Teriewing our experience of these Berentl modifi- 
catums and impTOTemente in Volta's or^^tnal inTeotion, ire 
amve at the following general condusionB; — Of all the 
solids, metals and charcoal are the moet efficient for the 
purpose of a voltaic seiiea } of fluid eubatances, those which 
produce the greatest chemical action upon the solids are to 
be preferred. The metal zinc, either in a pure state or 
amalgamated with mercury, is upon the whole the best 
adapted as the positive element. The smoother the surface 
the better. Eollcd Kinc plates are preferable to cast zinc. 
T"or the negative element; silver, copper, iron, platinum, or 
platinized silver, or carbon, have been found the best. The 
surface of the iiegative element should be at least twice as 
great as the suri'aee of the positive element, and tlie negative 
element should surround, and ho as near as possible to the 
pOBitive. The fluids maj be pure water, or strong saline 
aqueous solutions, or concentrated or dilute mineral acidsi 
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or alkaline solutions. The power of the combination with 
acids is iu proportion to the affinity of the metal for oxygen. 
As a general principle, every oxidablc metal is positive in 
relation to every other less osidable. Volta, aa already 
observed (16), determined the order of a scries of metals, in 
which each metnl was positive to the succeeding. The 
foliowing iti an onler of succession by Davy, in which each 
substance is the positive element to cither below it, and the 
greater the distance between any two elements, the greater 
generally will be the electrical development, 

1. Potassium and its amalgams; 2. Barium and its amal- 
gams ; 3. Amalgam of Zinc; 4, Zinc; 5, Cadmium; C. TiiK 
7. Iron; 8. Bismuth; 9. Antimony; 10. Lead; 11. Copper, 
12. Sdver; 13. Palladium j 14. TeUurium; 15. Gold; 16. 
Ofaarcoal ; 17. Flatina ; 18. Iridiam ; 19. Shodium. 

Ah ve have seen, howeTer, (20), certain exceptioHB taaj 
arise in given eases of allialiQe fluids and hydro-sulpliiirets. 

82. Potassium, barium, &e., and sucli kinds of metals are 
next to impracticable as solid elements of the Yoltiuc appa- 
ratus. The following is a series of the available metallic 
elements and charcoal in the order of their electrical, or 
positive and negative, powers : — 1. Zinc ; 2. Iron ; 8. Tin ; 
4. Lead ; 6. Copper ; 6. Mercury ; 7. Silver ; 8. G^old ; 
9. Charcoal ; 10. Platinum. In this series a combination of 
platinum and zinc is more powerful than copper and zinc ; yet 
cast-iron, as being a combination of iron and carbon, would be 
a very powerful combination with zinc, as found by Sturgeon, 
(SO), although iron and zinc, talten as pure metals, are veiy 
near each otiier iu the scale. AVe cannot, therefore, in every 
instance take the distance between the elements as a measure 
of the power of tlio combination, without, at the same timei 
considering very numerous eiceptiona. Indeed llie power 
and the place of the substance in the series is, at least, I'cry 
dependent on the exciting fluid. Paraday found nickel 
negative to antimony in strong nitric acid, but positive to it 
in dilute nitric acid, and ^ves a table of ten metals in seven 
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different eolutions,* Mons. de La Hive, on this principle, 
proposes to construct an order for metals in reference to 
different excitiog fluids, and to determine a zero point in 
each for the metal of the least chemical action, The 
following is an example in relation to muriatic acid : — 1. 
Zinc; 2. Copper; 3. Silver; 4. Antimony; 5. Gold; 6. 
Platinum ; 7. Rhodium ; 8. Plumbago. Plumbago is here 
the lowest substance ; so that very much yet remains to be 
completed in this branch of Toltaic electricity. Faraday 
obserreH, iihat to perfect lists of thia kind we require to 
determiite numbers, orpreseing tiie relative exoituig force, 
counting firom the zero point. Suob an arrangement, of tbe 
preceding seriee would be : — Plumbago, (zero) ; Bhodium, 1 ; 
Platinum, 2 ; Ac. Ac, and so on, in an inrerae order to the pre- 
ceding, supposing the relative numbers correctly determined. 

IKSTEL'ilEHTS SOU MEABUBIMG THE HEATENQ AlTD CHBMIOAIi 
POTTla OP THE TOLTAIO APPARATUS. 

88. The heating power of the Toltuc battery ia best 
measured by its efiecta on metals. The degree of incan- 
descence produced by the current, in a metal such as platinum 
for example, very difficult of fusion by ordinary fire, will 
frequently help us in estimating the comparative power of 
a given voltaic series. As observations, however, of this 
description afford rather distant approximations, more refined 
means of estimating the degree of heat or incandescence has 
been sought for through the medium of philosophical instru- 
ments. The first instrument on record in the history of 
electricity, adapted to thia end, ia the Thermo-Eiectroiueter, 
invented by the author so long since as the jcar iy20,t 
since which period it has come into general nae ; and having 
been repeatedly quoted and dealt with by the British and 

* Esp. Kesearohes, voi. ii. p. 86, 
t BfibctB of Idglituiiig, ko, &c Letter to Tiee-AdndnJ Sic !F. B. 
Uturtin. Kiool and Co. Londtm, 1828. 

B 8 
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Continental pbiloaophera,* it is essential to give liere a brief 
account of it. 

84. Thermo- Elecirmteter. — The instrument ia virtually a 
Sanetorius air thermometer,' with a fine metallic mre passed 
air-tight through the bulb. When an electrical di&charge or 
current travei-ses the wire it becomes more or less heated, 
the air in the butb expands, and the fluid, aecarding or 
descending along the scale, shews the force of the current in 
terms of the heai; of the wire. 

The originnl ftwm of the thenuo-electrometsr is repre- 
iffitdsd in the adjoiniiig fig. 36, in which a, p,v,n is the 
tfaeniiometer glam ball, of about -8^ inches in 
dimeter, and j>, n a fine netallicinEB pnssing 
wb-tigbt aoDBs its centre, being saomad in 
jL^ btus tiit B di B B , p, », (smeuted over holea 
9 m .ja* drilled through tbe glass ; a,hia the thermo- 
meter tube and scale, the lower eitremifcy of 
the tube being immersed in a cistern, h, of 
coloured fluid. A small quantity of air is first 
: expelledfrom the ball heat, the tube is then 

: passed through a cork into the cistern h, the 

I fluid ascends along the scale as the ball cools. 

The position of tbe fluid is finally regulated 
by a smnll screw Tnlvo at v, cemented over 
a hole drillt'd in tlio ball, and which can be 
opened and closed at pleasure. "When an 
electrical discharge or current is passed 
through the wire, n, the fluid descends along the scale a b. 
The scale ia moveable for a short distance up or down upou 
the tube, so as to adjust the zero point to the precise place 
of the fluid. The method of securing the wire, p n, passed 
through the ball, is represented in fig. 37, in which the 
onrve, 3 hmp, represents a portion of the glass ball ; k m d 

* De la BItb, TndU de I'ElectnoiU, p. 31 ; Beiss, Ann. de Chimie, 
%. 69, From. Ser. ; Far&da;, Bxp. Besewrohes(344),~n)L i. I>wry,^ytiii>- 
logioil Beeeardte^ vol. I., p, 12, 
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IB a brass flancb, made to the curve of the glass and having 
a projecting stud, d, on which is cut the thread of a screw 
for receiving a flattened brass ball d, the ball 
being screwed on the stud d against k m, 
securea the opening in the glass air-tight. 
A fine hole is drilled through the flanch and 
stud at d, for receiving each end of the wire ? 
p n, (fig. 36), as at j d, (fig. 37), and the 
■wire is firmly held in its place by the pres- 
sure of a small peg of wood ineetfted Twlween 
the wire and the braas. The small T^Te,'ti, is constructed 
and applied much in the same yivj. 

85. This form of tlie thetmo-electrometer, althoogh rerjr 
aeositiTe tmd efficient, is somevbat tronblesome and incon- 
venient ; it vas hence dhanged at first to the form repre- 
sented in the annexed fig. 88, in irhich the indicating tabe 

Fig. 38. 




and scale were bent at right angles to the thermometer ball, 
and being secured on a hinge-jointed board, could be either 
set horizontally or at a greater or less degree of inclination. 
In this form of the instrument a moderately short column 
of coloured Ihiid only, a I, was emploj'ed byVay of an index. 

86. The form of this instrument, given in the Trnna- 
actions of the Koynl Society for 1S27, as adapted for the 
purposes of ordinary electricity, and^in the Edinb. Phil. 
Transactions for 1832, as adapted to voltaic electricity more 
especially, is represented in fig. 30, having been found upon 
the whole the best and most convenient for all practical 
porposee. Here the glass boU, a p v n, which is about 
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four incites in diametw, is screwed upon a small glass 
Fig. 89. cistern, a h, containing coloured fluid. 




so as to be easily removed. Tlie cistern 
ia unitL'd hy ivylding to a loug tlier- 
momctov tube, i c o d, bent so as to be 
parallel with felie ciatoni and ball. The 
ivliole is sustained iu a vortical position 
by a graduated scale d a c, and a small 
elliptical base set on three levelling 
screws, as shown in the figui'C, the scale 
being united to the base at c ; it is evi- 
dent that the zero of tlie scale, aa at o, 
iiill be at the same altitude as tlie level 
of the fluid in the cistern n, and that 
the precise correspondence of the fluid 



with the zero point may be regulated by opening the valve 
at V. The scale o d is divided into tenths and twentieths 
of an inch ; the fluid for noting tbe degrees of the scale is 
one part rectified spirit intli three parts distilled fvater, 
colonred "bj a small quantity of tincture of cochine^. 

87. With a fisw of a speedj comparison of the effects on 
diO'erent metals, or otherwise varying the amount of the 
viaihle e^t produced by the dischiu^ge, when the heating 
power is considerable, glass balls are prepared containing 
two, three, or four wires of diiferent metals, as represented 
in the annexed fig. 40, which may be taken as a horizontal 
middle section of the ball, showing the wires 
(nxiBsing eadi other in the centre. The dimen- 
sions of the wires may vary from the j-^tb to the 
yjjth of an inch in diameter. Tor the general 
purposes of an electrometer, a platinum wire 
of about the -^th to the r^ijth of an inch in 
diameter may be employed. A very _fine platijium wire of the 
j^ytb of an inch or less in diameter, turned into an helical 
coil, BO as to increase the length, and placed ii> the ball, 
renders the instrument sensitive to an extremely small force^ 
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indeed it is diiScult, with sach meaoB at our command, to 
assign a limit to this sensibility.* Faraday, at the meeting 
of the Biitish Association at Osford, in 1832, firat discorered 
the heaHng e&Ct of the magneto-electrical corrent through 
the delicate action of thia inBtrument.t 

88. Another form of the instrument, 2g. 89 (86), similar 
to that given, fig. 38 (85), has beto occasionally used by the 
anthor. In this the thermometer tube is bent forward at o, 
BO as to be set horizontally, or at some gtTen degree of 
inclination ; but it doea not appear to poraeas any advantage 
over the form just described. 

89. A very general use of tlie instrument, as described in 
fig. 39 (86), has verified its perfect elBciency aa an instru- 
ment applicable to the measurement of voltaic and ordinary 
electrical discharges; in sliort, there is no well authen- 
ticated law of electrical action with which its indications 
do not coincide. It will be, however, requisite, in certain 
cases of weak electro-motive power, to take into considera- 
tion certain laws of electrical conduction as regards the 
wire in the hall, and which will be hereafter explained in 
treating of the heating effects of the voltaic apparatus. In 
wouie paitieukr cases of weak electro -motive power, a iine 
wire of silver may be preferable to a wire of platimim, from 
the circumstance of its high conducting power admitting 

' The STittor obteinei, witli an helical coil of very fine wire in. the ball, 
an elevatioa of five degrees of the fluid by a shock from the gymuotDB. 
Dr. Bavy, in employing an extremely thin wire of platinnm, drawn down 
by Wollaaton's method (Phil. Trsna. for 1818, p. Hi), fonnd it "strongly 
affected" by the torpedo, eren distinctly by weak fish, "when it foi-med 
partof a MTcle in connection, with the galvanometer. I have seen it (hetaja) 
affected alone, the galvanometer affording no indicatiun.'' He also states, 
that ' ' the delioai^ of the instroment was so great, that the spirit in the 
Bton was not railj moved 1^ a single qMrk<^tlie electrical machine, but even 
by a angle voIWe oirole, oontistuig of a copper and dno wire, the former 
l-26Sbi, the latter l-SOth, of an indli only in diameter, excited by dilute 
ialphniio aoid," — Physiol. Besearohea, voL L, p. IS. 

-h Exp. Bes. (Hi) vol. i. 
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of a more free trausmiesion of tbe current force, as may be 
iDferred from the experimental investigations relative to tMa 
instmment printed in the Transnefciona of the Itoyal Society 
df Edinburgh for 1832. The indications of the electrometer 
may be always relied on as a measure of the force of a voltaic 
combination, provided we employ a wire in the thermometer 
ball wiiicii viU ireely tranBibit Hbe currmti : this may be doter- 
mined experimentally 1^ obaming tihe efiects of a ^ven bat- 
tery in tbree or fimr portions both separate mi combined. 
If tbe iodioatioiifl of the insfxument correspond with tbe 
increased power, — that is, if the indicated degrees of the scale 
be twice as great when the battery surface is doubled, and 
tbree times as great when trebled, &c., supposing the metala 
to operate as a single pair of plates, — we may then safely 
rely on the operation of the inatrument as a measure of the 
current force for certain given voltaic combinations. 

90. Mons. IReisB, of Berlin, and some other of the conti- 
nental pbilosophera, not content with the instrument as origi- 
nally constructed, have thoiijjht it -worth ".vhile to resort to 
another form of it, but which is virtually the same as that 
described, (85), fig. 38. In this tbe index tube, fig. 38, 
teniiiiiatea at its extremity, a', in a small cistern. A. 
colonred fluid is placed in this cistern, and allowed to occupy 
a certain space in the tube, say up to b. The heating effect 
is measured by the retreatof the iluid into the cistern'. Any 
degree of inclination is given to the inatruniDnt by a means 
similar to that described in fig. 38. This form of the 
instrument is employed by Mens. Knochenhauer, and is the 
form figured by Poniillet and Beiss in their respective works.* 

-91. S^armo-Meetrometer, by Id. Oaepard de la Bive. 
Tim 'a a Teiy simple sod tngemona contrivAnoe. A fine 

• Ponillet, Elements de Thysiqn^ and Hebs, gtstlcal Electricity. 
II. Seiss Beems to have confomided the Inetrnment witt the air electro- 
meter of KiuneiBley, in irblBh &e meehanieal -rioience of an electrical 
shook is tested hy an explodon between two balls in a confined Bpaoe of 
MT, Ilus ia eridentl; a ttiuppreheiidoii. 
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platinum or other metallic wire, m n, fig. 41, ia fixed at one 
extremity, m, to a vertical bar of wood, being one arm of a 
quttdranfcal arc d, its other extremity, n, ia attached, very- 
near the centre of motion, to a sen- 
sifcive lever, c np, moveable about ^'S- 
the centre of the aic^ mp i; hence 
the least expansion or contmction of 
wire by heat n indicated by a 
fine point, p, moriiig at the eadxemity 
of the lever upon ilra gradoated arc 
m p d. When an electrical dia- 
charge or cuiTOTt traversea the wire, 
the index, cp, measures the force of 
the current in degrees of the scale, 

92. IVI. de Ln, Rive's tliermo-electrometer. — Tliis instru- 
ment ia simply the thermometric helical coil of Brcgiiet 
attached to a fixed point, p, fig. '12, and carrying a needle, 
n, at its lower cstremity, moveable over a graduated circle, 
a 0 d. The helical coil, p n, consists of a mechanical 
combination of three extremely thin straight metallic 
lamime of different metals, superposed one on the other; 

the metals employed, are gold, 
platinum, and silver. The ua- 
eguel expansion of the three 
metals by beat causes the coil 
to turn and return about its 
axis with the least change of 
tomperafcurc ; a fine platinum 
wire is soldered to the lower 
extremity, n, of the Goil,'which 
plays freely in a small eup 
era containing raercoty. The con- 

nections see made -mth. the 
battery through this mercurial medium and'^.met&IIio point 
above, along the line « j. The alightest elffration of -tem- 
perotare ia inmediaiely indicated on the gradoatadicizote. 





Kg. 48. 



93. VoUa Elcc/romeier or Voltameter. — Tiiia instrument 
is based upon the efi'ecta of chemical decomposition. S'ars- 
day haa shown that when water is subjected to the influence 
of lihe voltaic current, the guimiity decomposed is directly 
proportional to the quantity of elecfericity it has conducted. 
If, therefore, tKe two gaeeoos products, oxygen and 
tydrogen (47), decomposed in a given time, be carefully 
coUeoted, and the Tolmnes accurately measured, either 
separately or coujointly, we at once obtslu a measure 
of the quantity of electricity, by the agency of which they 
have been set free from their previouB combination under 
the form of water. Several contrivances have been resorted 
to with a view of collecting and mea- 
suring the gases evolved in the decom- 
position of a given quantity of water 
during a given time, say one minute ; 
or otherwise the time in which a given 
volume of gas has been collected. 

The annesed iig. 43 represents a 
form of Voltameter wliioh may be 
considered as being upon the whole 
the best adapted to general practical 
purposes. In this figure, a d is a 
closed cylindrical glass vcsseJ, about 
four inches in lieight-and soinething 
less in diameter. It has two necks or 
openings at c and d. A glass tube, 
w E, about sisteen inches iu length, 
and about eight-tenths of an inch in 
" diameter, is inserted and dosely fitted 
1 by grinding througlt the neck o. The 
I opening or nedk s is fitted in a similar 




way, with a ground glass stopper, re- 
moveable whm lequired. The glasa 
tube w E ie pierced jmit above its in- 
sertion into the bottle a b, in two points, tm, immediately 
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opposite each other, for the reception of two wires of pla- 
tiimin, p f, 711 11, which are welded in the glass, and ter- 
minate within the tube in two slips of platinum foil or thin 
platr, t 11, m .5. Tlie tube is graduated above this along its 
whole length, indicating measured volumes of hundredths of 
a cubic inch. 

94, The instrumetib ia prepared for use by filling the bottle 
A », through the neck D, with distilled water, acidulated 
with pure sulphuric acid, in tbo proportion of ono acid to 
ten water; when filled the stopper ia replaced, and the 
whole inverted bo as to fill the graduated tube w e, after 
this it is agoia rer^^d, and the neck d left open. The 
instrument is now ready for use, and beisg introduced into 
the current, as at h, fig. 18 (S9), the cnrrent is caused to 
flow from j> to ft, fig. 41, through the acadiilated water in 
the tube, between the platinum plates tv,m8. The quan- 
t![ty of electriciir^ wluoh has passed in a given iime will be 
measured by the volume of g^ evolved and collected in tbe 
upper portion of the tube w e. One division of the 
graduated scale is called a degree of electricity. The use 
of the inatriimcnt deinanda much care and attention. In 
estimating the absolute quantity of electricity we muat take 
into consideration the temperature and pressure of the 
atmosphere, and apply a correction for moisture, a simple 
Table for which is given in Faraday's work on Chemical 
jMimipulation, so as to reduce the observed volume of gas 
onllcctod to a constant standard.* "Wc have further to 
consider that the qu;in)ity of gas disengaged in .a given 
time depends not only on the power of the voltaic apparatus, 
but on the degree of acidity of the water, also on the estent 
of the platinum plates, .and their distance apart. In all 
experiments, therefore, of a comparative kind, these 
elements must be precisely the same, 
95. When accurately employed, the Voltameter is considered 

■ BdiMon of 1880, p. 876. 
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by Faraday to be the only instrument we have, as an, absolutf. 
measure of voltaic electricity. It is quite iudopendent of 
variatiotia in time or intensity, or intermiasiona of action, 
and records and reveals aatiafactority tlic quantity of elec- 
tricity whicb haa paaaed through it. On this account it 
has been termed " Volta JEJeGtromcter," or Volfcaraeter,* 



Astruments for Measuring the Force and Determining the 
Direction of the Voltaic Oummt, 

96. The magnetic effects of the Toltaio series have been 
already adverted to (53), aud tbe property possessed by any 
metallic ii'ire, traversed by the electrical current, of eauaiug 
tlio magnetic needle to deviate from its meridian, according 
to certain laws, lias been fully treated of in our " Endi- 
mentary !Ma<;uet,ism," chap. iii. We shall, therefore, 
treat tliis subject here only bo far as is requisite to place 
the class of instruments now under consideration in a clear 
aud intelligible light, leaving further explanation to a future 
part of the work (Chap. VII.) 

Jjet the adjoining fig. 44 be a 8imple circle, such as before 
ej^tlained (33), flg. 17, and o B, w z a closed circuit of metal- 
lic wire, uniting the plates 
z c, s, portion of which, 8 W, 
is quite straight, and placed 
in the magnetic meridian, s 
being the north, 8 the south 
points, and x, w, the east and 
west poinfca. Let m p he 
a delicately poised compass- 
needle, moverf)le upon a 
centre, and placed under tlie 
wire s v. Then supposing 
that, at the instant the circle 
18 complete, an observer be looking directly over the wire 

* Faraday, Bsperimsiital BeeesnhcB {73B), toI. i. p. 27. 
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and ueedli', iii tiie direction a rf, that is toward the north, 
he will see the south pole m of the needle move toward hia 
right handj that ia inward tlie eai-t, and cunseijuently the 
north pule J), toward liis left hand, or Eow:ird t!ie west, and 
if the current be sufficiootly powerful the needle m p will 
stand across the wire s ^', ao aa to rest at right angles to ifc. 
Such ia the oaao when the current passes over the needle, in 
the direction of its meridian from south to north. "When, 
however, the direction of the current is reversed from N to 
B, that is to say, supposing the plates 2; c to change places, 
then tlie reverse of these directions of deviation in the 
needle mp takes place. In fact, the extremity of the needle 
next the copper plate c will always go to the right hand, 
tiie current being parallel to and above the needle. If now 
we place the needle m p over the wire B n, so that the cuizenb 
m&y flow under the needle, then ve have the rerene of all 
the former directions of deTiaticm, the end of the needle, 
next the copper, 0, will now always pass to the lefl hand. 
Baeh are the elementa npon which the class of instrmnentB 
tenned. galrsaoinetn, elecfcromagnetic multiplier, rheometer, 
and riifiOflcope are Inaed, and which as furnishing a very 
^lioate means of detecting and measuring current force, 
both as to inteneitjr and direction, are of the utmost im- 
portMice to this department of physios. 

97. The following nomenclature adapted to instmmenta of 
this kind expresses concisely the several operations involved. 

According to this nomenclature, any npparahis originating 
an electrical current ia termed a " Eheomotor," from the 
Greek of piai, to flow, and movco, Latin, to move, whilst the 
straight wire a n, fig. 41, has been termed " rhcophore," froui 
the Greek of fJtoi, to flow, and ipvpiia, to bear, that is to say, 
as being the bearer or carrier of the current. The whole 
circuit, c s N z, has been on a similar principle termed the 
rheophoric circuit. An instrument for merely detecting the 
existence of an electrical cnnrent is termed " rheoscope," 
from the Qreek of pint, to flow, and mvriu, to see. If 
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applicable to tlie measuremcut of the (iurrout force, it is theii 
termed " rhcomcter," from piui and inTpcw, to measure : 
this term is used by tlie Frencli philosophers, instead of 
galvanometer. 

An instrument by whicb th? direction of the current in 
the circuit cau be changed, or reverted, as from s to and 
IT to s, is termed a " rheotrope, from pim and rpoTrdc, of 
TpiTTbt, to turn. An instrument by which a current can be 
periodically interrupted, ia termed a '•' rheotome," from piu 
and rijiyb), to cut off. An instrument by which the current 
is maintained or brought to any given degree of force ia 
termed "rheostat," from ptu* and oruw, to stand or reipain. 
Such terms are expreaaive and concise, and ehonld be 
generally employed in preference to many in common uae, 
Buob, for example, aa the term galTonometer, being much 
more consistent with an exact pbilosopby. 

98. Jiheosaope or Electromagnetic Multiplier, or GalvanO' 
sa^e. — The most elementary and simple form of thia 
inatrmnent, would be that juat indicated fig. 44, tbat is to 
Bay, a aimple xheopboric wire with a magnetic needle, placed 
either above or bdow it. It may lie, howerer; easily inferred 
(96), that since a current flowing above or behw a magnetic 
needle in opposite directions, deflects the needle in the same 



wire, in the way shown in the annexed fig. 45, and establish- 
ing a current, c p n z, tlirough the wire : such an arrange- 
ment constitutes the second most simple form of rheo- 
scope. If we imagine the wire to have many convolutions 
between ita extremities o z, as shown in the annexed fig. 46^ 
and the needle to be placed within these convolutions, we 
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direction, we necessarily 
obtain a double force, in 
exposing the needle to the 
simultaneous operation of 
both currents. Thia is 
easily effected by placing 
the needle within a bent 
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necessarily multiply the current inflaence upon the needle, in 
proportion to the number of tuma or timea which the cur- 
rent flows round the needle. We have only to cover the 
wire with silk or Eome bad conducting substance, BO as to 
effectually cut off metallic p.^ 
contact between the con- — 
volutions, and compel the 
current to circulate about 
the needle. Tliia coneti- 
tutes the form of rheoacope, generally termed " elec- 
tromagaetic multiplier." The needle, in this kind of 
rheoBcope, may be a light magnetio needle, about three 
inches in length, auspended within the coils hj a fibre of 
silk, passing through a small quill or other bad conducting 
tube, in the middle of the length 
of the upper portion of the coil. 
Two needles are usually em- 
ployed, with their poles in re- 
verse directions, as repreaented 
in the adjoining fig. 47, the 
whole being ao contrived as to 
admit of one of the needles, 6, 
being above, and the other, a, 
withiu the convoluted wire : 
th'o '"ati-rmlly rt'dnces the directive force" of the earth 
on the needlfs. and renders the whole as a compound 
sytem almost astatic* Hence the magnets become 
more obedient to the current, whilst the addition of the 
second needle stiU further multiplies the effect. This com- 
pound arrnngemeufc constitutes the next and last form 
which has been given to this class of voltaic instrument. 

99- Bheoscopic instruments of thia kind are especially 
seDBitive- they detect readily the existence of infinitesimal 
current forces, from whatever source arising. Prideaux 



* From the Greek Aararos, "iniUSbreiit." 
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constructed a rhcoacopc of a pair of sowing iicedlea, eacli 
threo inclies long; tlie rlieophore or eouductiiig wire con- 
sisted of four leuglhs of bell-N\ii-e, laid pAndlcl and close to 
each otlier ; it passed only once betw een tlio needled, and 
returned beneath the lower needle. Tlie mere heat of the 
fingers, pressing on a paii' of copper and tinned irou wires, 
deflected the needles 25 degrees.* This profound chemist also 
contrived other forms of rheophoric coils, consisting of bands 
of copper ribbon, ohout | tlis of an inch wide, with interrening 
paper between them, which proved extremely delicate; &b 
magnetic needles being sensible of the least current force. 

100. Ghhutnimope Ig JSL J>ubois Saymond. — The htealb, 
and perhaps the mo^ delio^e rheoacope, is the GhlvBoometer 
of Mona. Dubois Si^mond, consbmoted with a view of de- 
i»cbing extremely wmk elecfncal ctuienta generated !□ the 
nerres and mnades of anim&b. IS.. Dubois Baymond has 
examined oritieally, and iritb great abilitj-, the sereral cir^ 
cumatanosB liable to diaturb the operation of vBrjr delicate 
insbrumente, and render them not only diffioult to manage, 
but to a certain extent inaccurate. He first considers the 
liability of the compound or astatic needle (98) to deviate 
from the magnetic meridian, either from a want of parallelism 
iu the needles, or defects in magnetising and suspension : in 
proportion as the two needles esactly compensate each other's 
force, and render the system insensible to iho directive force 
of the eai-tli ; so the needles tend to a position of iustahility, 
and often rest out of the convoluted wires at right angles 
to the magnetic meridian. Wo may have also a cause of 
disturbance in the impurity of the metal constituting the 
rheophoric coil which may contain small particles of irou, 
or it may have acquired a tainted ferruginous surface in 
the process of drawing into wire through plates of steel. 
This last disturbing^ force was first observed by Nobili, 
who sought to obviate it by bringing a magnetic bar to 

* See some extremely valiiiiUe P.apers on Thonno-BIectrlcitT, by J. 
Prideanx. Pbil. Mag., vol. iii., Third Series. 
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operate on the coil by induction, after the metliod practised 
by J^arlow in neutrnliaing tlio earfcli's force on the magnetic 
needle.* This method of neutralising the effects of magnetic 
disturbance in the rheoscope is not, however, altogether nn- 
excQptional, Duboia Raymond has sought, therefore, a more 
refined means; he makes the compensating magnet very 
small, and places it very near the end of one of the magnetic 
needles. It is, in fact, the mere broken extremity of a fine 
bead needle, and is so placed, that by means of small micro- 
meter screws, minute changes may be made in its position. 
In this way the system is preaerred aceiu»tely on the mto 
point, T^ ithout any sensible loss of delicacy, sinoe the small 
correcting magnet haa little or no influence upon the needles 
beyond a deflection of a few degrees. This galvMioscope is 
moonted on a oimilor pUte, oarrying a graduated circle, 
and can be rotated on a central axis, so as to bring the 
coil into any given direction. The coil is a copper wire, 
SS8i yards in length, and aboQt '0055 inch in diameter; it 
is covered with TanuBhed nlk ifc«ad, so as to completely 
inaulate the several convolotione. The wire is turned 24,160 
times about a supporting Same an inch and three quarters 
in length in the clear and rather more than an inch and 
half wide. Tlie needles are cylindrical ; nvc cacli an inch 
and a half iu leogtli, mid tlireo Inindredtlis of an inch 
in diameter. They weigh, taken together, four grains, and 
are eomiccti^d by a thin piece of tortoiac-ahell.t 

101. JiccqiiereVs Di/fhren/ial Rheoscope. — This is a class of 
rheoscope, the object of which is to compare the relative 
force of two currents. With this view, two distinct rbeo- 
phoric coils (97) are employed, identical iu every respect 
both as to length, diameter, and material. The wires are 
coiled together about the same frame. The arrangement is 
perfect when equal currents traverse them in opposite dtreo- 
tions without affecting the needles. When the currents are 

* Bodiment. MssDetism, p, 152, sec. (164.) 
t Abstract ofDttljoiBltayniMid'a work, Er. BecoeJoneo, P.R.S., p. 13. 
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unequal, tho directions in wliioh the needles deviate (77) 
indicates tlie stronger of tlie two. This inBtnuuent, by 
uniting tlie two coils, so as to allow the current to trarerso 
them in aucceesion in the same direction, is trwsfonued into 
n rheosGope of a double length of wire, as compared with 
one of the coik alone ; and when united, bo as to cause tbeiu 
to operate together, ifc bocomea a rheoscope, having virtually 
a coil of wire of an increased diameter, which, as compared 
with the single wire, will be as the : \/T ; that is, aa 
1 : This instrument ao far fulfils ilie purposes of foiu; 

instruments ; viz., a rheoscope of short coil, of long coil, of 
thick coil, and a dilferential rheoscope. 

Very delicate rlieoscopea have been conetructed by Messrs. 
Nobili, Melloni, Kuhinkorff, and other philosophers engaged 
in this department of physios. They are all usually fur- 
nished with graduated circles for noting the angular deflec- 
tions of the needles, and are carefully mounted on an 
appropriate base, on levelling screws, and covered with glass 
shades to protect the needles from currents of aii'. 

102. Rheometers. — Although the instruments just de- 
scribed are usually of excessive delicacy, and of great practical 
value is detecting small current finrces, they are nere^dess 
defective as instruments of exact qoantitafcive measure ; and, 
notwithstanding that many attempts have been made, and 
Tables axraoged vith a viev of determining the relations 
between the intensity and quantity of the current and the 
rbeoscopio defieotionB, yet the results are by no means satis- 
factory. The kind of rheometer claiming the greatest con- 
fidence as a measure, is the simple rheophortc wire, (9G), fig. 
44, with a single needle. There is little rr^istm to doubt but 
that the forces would be, in this case, as the tangents of 
the angles of deviation, or very neai'ly ; or, taking the coil 
as a force deflecting the needle in a line perpcudicular 
to the magnetic meridian, the force may be nearly mea- 
sured by the sine of the angle of deviation.* The cards 

" BudimentaTy Hagaduni, Fart 3, ^. 121, 123. 
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of some rlieoaeopea iiave been graduated upon tbia prin- 
ciple, with a view of converting them into rlieometera ; for 
small deflections we may couaider the augle of deviation 
ua approximating to the force in operation, ao that a 
deviation of four degrees may be taken as indicating twice 
the force of two degrees. The whole question, however, 
still remains in much uncertainty. All the elements of 
the rheoacope, afiecting its conversion into a quantitative 
measure, have not been aa yet fidly considered when taken 
together ; hence we have still much to investigate in the 
application of this iuatrument to the measurement of what 
may be tenued quantity and intensity of the passing current. 

103. Bijilar Rheometer, by the author. — This instrument, 
represented iu the an- 
nexed fig. 48, conaiata of Fig- ^3. 
hvo needles, auapended 
by parallel ailk fibres 
in the way already de- 
scribed ((il) fig. 25. The 
needles are about seven 
iiiohea in length. The 
rlieophoric coil is a wire 
-jij-th of an inch thick, 
about twenty-eight feet 
in length, and is turned 
eighteen times round the 
needles. The defiectiona 
are marked on a gra- 
duated circle by fine 
index wires at the ex- 
tremity of the upper 

needle. The inatrument is wonderfully sensitive. The 
magnetic syatem being nearly astatic, the forces will be 
measured by the reactive force of the parallel threads, and 
will be nearly as the angles of deflection,* or perhaps nearer 

* PUll. Trans, for 1836, p. 417. 
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as the sines of the angles. The reactive force of a fine wire 
may be aubstitiited for the parallel threads, as in Coiilombe's 
balance. The connections with the hnttery arc completed 
through the points i', q. 

10-1. ThmTiio-Mheoplioric lElectrometCT.- — This may be con- 
sidered as a epecica of compound rheometer ; it was invented 
hy the author, in 183G, for the piu-pose of comparing the 
heat evolved hy the rheophoric, or current wire, with the 
magnetic deilectiona. It consists of a thermo-electttwoeter, 
such as already described (86) fig.' 39, having a fine m^hetic- 
needle immediately over the wire, and a graduated circle 
placed around the ball to measure the deflections of the 



may retain the needle near to, or distant from the wire. 
The needle is placed in position througli the cap above, at 
A, nnd a small rod ending in a fork, covered with cotton 
thread, is passed bj' an air-tight collar through the centre 
of the cap, by which the oscillations or other disturbances 
of tlie needle may be mitigated. Supp(»iDg tbeb^ with this 
apparatna Babstituted in the thermcKilectrometer (fig. 89), 




Fig. 40. 



I 



needle. The arrangement is re- 
presented in the adjoining fig. 49, 
which represents the ball of the 
instrument only: the remaining 
parts being as in fig. 39. - The glsss 
ball has openings above and below, 
at A and. b, capped viMi biiuB, and 
closed air-i^tt by leather ^nEsbera 
in the usnidway: a small slidiag 
tube s is joinfld- to the screw cap 
which unites the ball iri& the cis- 
tern c, and cames a HMUs open 
parallelogram of babed wood 
upon which the needle »_p is poised 
immediately over the wire d e, 
passing through the ball. By 
raising or depressing the slide s, wo 
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and a current transmitted tlirougli the wire, tlien we obaerre 
at the same instant the heating effect on the wire and- the 
deflection of the needle, as shown by tlie therm ometrical 
scale and the gradiiated circle, d y e, placed round the ex- 
terior of the glass ball. A small screw valve is placed in 
the glass, at riglit angles to d e, for regulating the air 
within the ball : it is not shown in the figure. The whole 
instrument ia supported on a mahogany stand, on lereUing 
screws, and is movable about a central pin, so as to bring 
the wire d e into the magnetic meridian. 

105. Bheostat. — (97). "We are indebted to "WheatBone 
for this valuable addition to our list of Voltaic apparatus. 
The object of the instrument is to measure the electro- 
motive force and resistance in the rheophoric circuit, by 
means of variable instead of constant resistances. This ia 
effected by interposing in the circuit v:u'iable lengths of 
wire, and thereby bringing the operation of different 
cummtH on i^'rheoffiiope to a ntio of etiaaUi^, fhe eteetto- 
motdve farce being iitfrawd firom the amomit of rraistBOce 
meaaiBwd out m ilia l^igth' of 
mterpoRed wiie. In the-annexed 
fig. £0,foT example; let a B be cylin- 
diaoal barrels, each of which may 
be tamed round upon a longi- 
tudinal axis, one of them, a, being , 
a non-ccoidacting t^lindef of baked \ 
wood, tbe other, b, a metallio 
cylinder. A broBS wire of y^th 
of an inch in diameter is coiled on 
the threads of a screw groove cut 
on the barrel a, and is finally continued on to the barrel b, 
BO that by turning the handle A we may transfer as much 
of the wire as we plcaso &om barrel a to barrel B. If wo 
now suppose the coila of wire, as, to be inteoduced by ade- 
gnate anmi^emeiits into a liieophonc circuit connected with 
a rbeometer, it is dear that the cortent must trarerse all the 
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cmlB cai the wood cylinder a, bub not all tlie coils ou the 
brass (^linder b, because on &o cylinder a tb^ are all 
insulated in the wood tbreod, wbereas on tbe brass cylinder 
B, they have complete metallio connection. We bare, there- 
fore, only to wind off or add as much increased resistance, 
measured by the length of wire on the barrel a, as is re- 
quisite, with different current-force a, to bring the rheometer 
to the same point of deilection, and then we obtain in these 
compM-ative reaistaoices the relative force of the currents 
under examination. As Uie object of this contrivance is to 
regulate the circuit to a constant degree of force, it has, as, 
already observed (97), been termed " Bheostat." The two 
barrels, a and s, are G inches long and 1} inches in diameter. 
There is a scale to measure the number of coils wound or 
unwound. The threads of the screw on the wood barrel are 
ibrty to the inch, -and the wire is thin and had conducting, 
so as to obtain a greater amount of resistance in the circuit- 
ICS. Mheotome. — Several forms of this instrument for 
a continued interruption and renewal of the circuit have 
been contrived. The following simple arrangemeut will 
serve to convey a general and comprehensive idea of its 
nature and operation. If v,e give to a series of metallic 
radii fixed upon a central metallic axis a bad conducting 
oiroamfhrenceof baked wood or ivory, we shall then complete 
a whed similar to the wheel of a coach, and if these mettdlic 
radu or spolieB pass through the periphery, so as to be 
rather prominrat^ but fair upon its exterior surface, we have 
then a succession of interrupted conductors. Suppose now 
a metallic spring plate fixed on a rod of metal to press 
against the petiphety of this wheel, and to be connected 
through its metalUc support with the positive pole of the 
battel^, and the axle of the wheel with the negative pole ; 
then, if we turn the wheel roun^ the spring plate gHdes 
with fisctiou upon the (»rcuni&renoe over the terminations 
of the successive metallio spokes, and so continually bre^s 
and renews tbe contacts wi^ the battory. 
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A dentated metallic wheel with a spring plate haa been 
sometimea employed in n similar way. 

107. AVhen a rapid interruption of the circuit is required, 
an automaton or self-acting rlieotome is employed, consisting 
of a small piece of soft iron, attached to ft metallic spring 
resting on a point connected with one pole of the battery. 
This piece of soft iron ia placed within the influence of a 
soft iron bar or rod connected with the opposite pole, which 
is ao circumstanced as to be temporarily magnetised by the 
passing current, on the principles explained in Cbap. VII, 
When magnetised, it attracts the small contact iron, lifts 

« the spring off the point, and tliaB breaks the circuit. The 
consequence is, that the magnetism induced in the iron bar 
vaaiflhes st the instant, and the spring again falls baok on 
the point ; the eontaot •m&. the battery is now rsnewed, 
and this alternation goes on with extreme lapidlty. 

108. Sheotrope. — (97). This instrmnmt, for changhig or 
rerersiiig the direction of the corrent, has also a variety 
of forms. The object, however, in all of them is virtaally 
to tnm round the poles of the battery or reverse the 
order of the series ; as this, however, would be difficult, 
and often impossible, eiperimentaliats have sought to 
arrive at the same result by faking a portion of the 
circuit moveable. A simple mechanical arrangement is 
as follows : — Let a small cylinder of baked wood be 
capped with brass, and moimted on a central axis on 
metallic supports in the way of an ordinary cylinder 
electrical machine ; suppose two slips of metal to project, 
one from each cap, upon opposite sides of the wood cylinder, 
we have then two interrupted conductoi-s iu the direction of 
the circumference of the cylinder. Let two metallic springs 
on metallic baaes be now adapted so as to press against oppo- 
site sides of the circumference of the cylinder, after the 
manner of the rubber of the electrical machine. Then sup- 
posing the metallic axes and caps to be connected with the 
oppcfflite poles of the battery, and the two spring pieces at 
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the sides of the cylinder connected with the terminals of the 
circuit; we shall, on turning round the cylinder, so as to bring 
the metallic slipa projecting from the caps in contact with the 
spring pieces, estahlish a current in a given direction from 
one terminal of the hattcry to one of the axlo caps, and 
from thence through one of the spring pieces and through 
the circuit to the opposite spring piece, and from thence 
through the opposite axle cap to the other terminal of the 
battery. If now wo turn the cylinder one-half further 
round, then all this ia reversed ; we fii-at interrupt the circuit 
by the wood interveniog between the slips of metal pro- 
jecting from the cap pieces of the cylinder, and then again , 
renew it in the opposite direction, by the contact of the 
spring pieces with the slips of metal in connection with the 
polea of th» battexjv rOTeTse:to tiie ibrmer. 

A simple -'h^wofatope: ma/ be conafantebed- of Jit'Sdi^OQii- 
^fUing disf^' laamttAo oh a centzal poial^; and faaiing 
meteUic aUpB dOBsing as ch<BrdB of <^posite quadrants. 
Ia moving this between' two paira of dicjointed wires, 
one pair on «ioli a3i\ placed in ccnmeotdon wiiih the ter- 
minal of Ute oircnit and fjae of the polea of the batteiy, 
we comptete ike drcnit tbrongh the metallie' slips on f^e 
disc, either on one side or on the other, and so turn 
the content in ^tlier direction, the action is quite analogous 
to that of ike fbuivway cocfc in the steam engine. Instru- 
ments of ibis kind hare been frequently termed " comma- 
tatozs ; " tfaey- are in8epm<aUe from the pzadacol^use of Ute 
electrical telegraph. 

109. 'We have dem oted some considerable space and atten- 
tion to these rheoseopic iiistruiiiuuts, because they are of vital 
consequence to the future progress of electrical discovery. 
The Electro-magnetic Multiplier (98) has tiniimited appli- 
cation ; it is, in fact, almost the only means at our conmiand 
by which infinitesimal current foice can be detected and its 
direction determined ; snob, for example, as extremely small 
current acidon in the masoolar and nerrons parts of animals. 
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■It IB therefore very important to perfect its construction to 
Urn last possible degree. The following are a few leading 
points to beiept in view. The rheophoric coil ahould bo 
copper wire, as pure nnd na free from piirticlos of iron as 
possible. The dimensions of the wire must; depeud on the 
conductability of tho circuit In a circuit of low con- 
ductability, the coil should be long and fine, and the con- 
volutions should be as near as possible to the needle. If 
the conductability be perfect, that is, involving a metallic 
circuit, it is better to employ a stout wire of moderate 
length. The wire in every case should be well covered 
with dry silk, and it may bo nicely varnished, ao as to 
insulate effectually tlie successive turns bearing against 
each other. The dimenBiona of the needles may vaiy 
in length from an inch and a half to three or more 
inches. In the delicate galvanometer of Nobili, to whom 
we owe the ingenious idea of the astatic needle, the 
tDeefias are eommon sewing needles, about one and a half 
to two inehes in length, magnetised to saturation, and placed 
abont -^^B of an.inoh apart. The copper wire is about the 
-j^tii an ineh in diameter, closely covered with silk thread, 
18 about sereniy yards in l^igth, and turned 800 times 
ahout the frame for the support of the coil, la another 
instrument t^e wire was about the ^jjth of &u inch, in 
^Ameter, about 20 to SO feet in leiigth, and turned 70 
times abont the frame. A fine wire having 8000 turns on 
the mnlfapUer has been in some iustanceB employed, in 
others about thirty turns only of a thick wire has been 
used. As already observed (102), the electro-magnetic 
rheoscope cannot be implicitly relied on as an efficacious 
or exact quantitative instrument ; the deflections of the 
needle not furnishing satisfactory comparative indications 
of the relative electro-motive forces, to ivhicb the deflections 
should be proportional: the liability of the magnetic needles 
to undergo change, the chances of an iron taint in the wire, 
and the introduction of variable resistances by the eztuit 
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of tlie ooS, into t;Iie circuity ace all sources difficult ; ao 
tha,b much etili remains to be mTestigated befine we can 
renture to place implicit confidence in the opsraHon of this 
beautiful instrmnent aa an exact qnantitatire raeasnre. 

110. Before concluding this brascb of oar anl^t, 
it may not be unimportant to call attention another 
means of estimating current and ThieomotiTe power taken 
as electrical quniitity. This means is based on the develop- 
ment of magnetism of tension in aoft iron. "When a bar of 
soft iron ia enveloped by an active rheopboric coil it be- 
comes, aa we shall preacntly see (210),*poTverfu!ly magnetic ; 
and the magnetic force developed will be, under given con- 
ditions, in "some direct ratio of the current force and of 
the rheomotive power. The author has examined aevera! 

of the reliitions of these respective ele- 
lig. 61. ments, and liaa nri-ivcd at results calcu- 

.- ^rj-^r^ -^ lated to throw further light on this 
Y^"^ ^* important question,* Let p v, fig. 51, 
be a cylindrical rod of soft iron about 8 
inches in length and half an inch in 
diameter, closely enveloped by three in- 
dependent and distinct rheophoric coils, 
12 8, wound round it together simul- 
taneously, side by side ; Let « be a 
small cylinder of soft iron auapended 
from the wheel of the hydrostatic magnet- 
ometer, immediately over the iron rod,t 
the diataiice being moored hy a divided 
scalen^ v, to which the cylinder^ v'with 
its eoiU is fixed. Xet a b o be three 
simple ToltaiccirclesofSmee'B or Daniell'a 
construction (75) (79), having one of the 
coils, 1 2 3, appropriated to each, and with which they can 

* Rudimeutsiy Hngnetism, Fart 3, p. 63. 

i* For this inBdmmeot see Bttdimentarj Magnetism (12S), Part 2, p. 
Ill, fig. 78, fimntiapiece. 
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be connected at pleasure, and the rlieomotive force of each 
of vBich is preciBely the Bame. Let one of the Bystems a. be 
firat broogbt to operate on the iron cylinder p v through ita 
appropriate coil 1, and lef the reciprocal forces of attraction 
between the cylinder and the auspended iron be noted at a 
constant distance p n, as indicated on the are o x. If now 
a second equal system b with coil 2 be added, the force will 
he quadrupled. If a third c and coil 3 be added, it will he 
nine times as great; that is to say, the reciprocal magnetic 
forces at a constant distance ^ n will ho as the square of tlie 
increased rheomofcive power, or as the square of the number 
of indepoudent currents passing round the iron; so that to 
obtain the quautity of current force in action, or the rheo- 
motive power, we must take the square roots of these 
attractive forces; and since we may infer, tliafc if one 
current force produces one quantity of magnetism, then two 
equal and independent forces must produce ^ico quantities, 
and 80 on ; we may also conclude, that the reciprocal mag- 
netic attractive forces are as the square of the quantity of 
magnetism-— a law which the author has fully established 
for similar attractive electrical forces,* and with which the 
experiment is almost identical. It may be likewise farther 
inferred, that current force and magnetic force mean much 
the same thing. 

111. In these ezperiments we have supposed three equal 
rheometera and three equal coils distinct and independent of 
each oth^. When, however, we employ two coila and one 
rhoomotiTe system only, say system a aloue, with coils 1 
and 2, then we have no longer this law of action ; that 
ia to say, the magnetic forces are no longer as the square 
of the number of currents ; or if we employ two systems, 
A and B for example and one coil alone, say coil Ko. 1, 
then also the law changes — the reciprocal magnetic forces 
in the latter case will be in the direct ratio of the rheo- 

* FhiL Tnms. ibr 1884, p. 220, see (19), nlso Bnd. Elfiotridty, p. 131. 

860(112). 

V 3 
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moidTe Bystems, so that the current aiid magnetic forces 
will be only in thia case as 1 : 14 nearly, that ia, as the 
Bquare root of X to the square root of 2. Our UmitB do not 
permit of further pursuing this investigation hexOi but we 
think sufficient has been said to show, that a m^netic 
rheometer based upon thia principle, &Uy worked out and 
^plied, would be a. valuable addition to our list of Toltuo 
apparatoB. Mr. Becquend has done muck towaida ihia in 
theconBtraddon'ofaninstnuDent termed by him "Balance 
Mectrodynuniq^oe.'' 
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CHAPTBK rV. 

Sectrica] and riiTBido^eal effecta of the Pile — Hedrioal IndiMtioni — 
ApplleataoB of the tenoB "Senmon" and "hAtaia.^" — Lair of Elea- 
trioal Development throughout the series — The Tension dependent on 

the nnmbcr of tho ;ilternatiinis — Electrkal effecta i^Piwirniile from tlif! 
chemical actiou— Tlic Lcydtn Eatttry cLai (.-(jlI -IIu Lu^'i. : ii;i]\si4 of 

— Effects on livina Bodiea — Powerful aotiou'of tliu Apiiiivatus on 
Animals recentl; dead. 

ELE0TBIOA.L SFFECTS. 

112. Tolta, altliougli lie did not investigate to any groat 
extent tlie electrical eilucta of his pile, and certainly not to 
any extent ita chemical properties, had atill satisfied himself 
of its action being similar to that of common electricity. 
The discoveries of tho British chemists, however, very 
speedily showed that the pile was hoth an electrical and 
a chemical agent ; that it was, in effect, what for disfciiiction'a 
sake maybe termed both an electrical and a galvanic in"!:.-!!- 
meut ; and it hence became a question, of no small interest, 
bow fas its opeiation was purely electrical, and bow far 
galTonio. 

The first direct ej^erimeuts rektive to this question 
app^ to bore been instituted by Hessra. Nicholson and 
Carlisle, who in 1801 applied to it some of those delicate 
tests of electrical action already described (55). They 
found the ailvflF ertremity of a pile constructed with zinc 
and b&lf-crovn pieces in a negative, and the zinc extremity 
in a positive state of electricity. Tiie following experiments 
may be .quoted as being snffioiently iUustiative of th& 
question : — 

Bzp. 10. Construct a horizontal pile, of about 160 or 
200 series, such as described (30) fig. 15^ or a email long 
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CruickBhank batteiy (68) fig. 28, place it on insiilatiiig glasa 
rods nicely Tamisbed, as Bhown in the annexed fig. 62 ; then, 
Fig. 52. 

on applying the single gold leaf electroBCope, (14) fig. 8, to 
either end of the pile, the leaf will be attracted, and will be 
subsequently repelled, aa in the cases of ordinary electrical 
action. ' The electroscope described (61) fig. 28 is espedally 
adapted to this experiment. 

Exp. 11. The |ale being insulated as before, apply the 
double leaf electroscope, (14) fig. 9, one to each exb^mity, 
and a third in the centre, as indicoted in the above fig. 62. 
The electroscopes at the ffl:tremltie8 of the series wiU be 
dirergent, whilst the centre electroscope will not appear to 
be . affected. If now examined by the usual tests,* the 
electroscope at the zinc extremity will be found positively 
charged, that at the copper extremity negatively charged. 
The single gold leaf electroscope, with electrical column or 
induction apparatus described (62) fig, 24, maybe employed 
for detecting tlie opposite electrical states of the series ; or 
weak charges of positive or negative electricity may be 
imparted to the electroscope, E.tp. 10. 

Exp, 12. Connect one of the extremities of the insulated 
pile, fig, 52, witli the earth by a conducting wire, the leaves 
of the electroscope at that extremity will close ; the leaves of 
tlie central electroscope will now open slightly, whilst the 
distant electroscope at the opposite extremity will diverge 
more freely. 

Kitter found that when a communication was formed 
between the positive end of the v(dt&ic pile and the earth, 
• Bud. Elect. (14), p. II. 
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the wbole qipioataB 1)608016 negatirely electrified, and Then 
the commmucation was mode with the negatiTe end it 
became positively electriCed. 

113. Aa we are neceBsariljr compelled, in trea^g this 

Bubjeet, to employ the terms "tension" and "intensity," 
aa being of frequent occurrence in the sciences of electricity 
and magnetism, we especially desire to call attention to 
what we' have already advanced on this subject in our 
Budimentary Electricity, p. 141. sec. (120), more especially 
as some little miaappreheusion has occasionally ;u-iaea rela- 
tive to such terms. By the term "tension" we are to 
understand — as its Latin derivation (" tendo ") imports — a 
sort of straining or stretching of any kind, and by which a 
apeciea of re-active force is called into being. Take, for 
example, the contractile force of an elongated elastic body, 
or conversely the espansive force of compressed air or a 
bent spring : in all these cases we have what is called a 
state of " tesBion," and the re-active force will he aa the 
disturbing force directly. In the case of compressed air, 
for example, it will be as the compressing force ; and conse- 
quently as the quantity of air or number of particles in a 
given apace, that is, as the density. If we for a moment 
imagine the unknown cause of electricity to be a peculiar 
subtle cdastic fiLuid capable of oompressioa, then sinularly 
twice the quantity upon a giren area will have twice the 
re-active force ; that is to say, its "tension " will be doubled. 
So that in this sense the "eleoteical tension" will be 
directly aa the quantity of the aecnmulation on the same 
area. The same considerationa would apply to any other 
assumption of the precise nature of the electrical agency 
capable of originating re-active force. Now "the term 
" intensity " has a distinctive and rather different accepta- 
tion to this ; it virtually signifies degree of force, or degree 
of tcTision, Thus the state of tension may be twice as great 
or intense in one case as in another. 

114. In ordinaiy electrici^ this degree of tension, 
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that is, " iateneity," is measDzed by Qib ordinary attxao- 
tire or rapiilBiTe electrometers. "When an. mskrarasat 
is used whose indications are strictly comparable, we £nd 
the mteRaity or attractive forco of a charged Bystcm to be 
as the square of the charge directly. If, for example, twice 
the quantity of electricity be thrown upon a Leydea jar,.th0 
attractive force as indicated by an electromBter will be four 
times aa great. Thus, whilst the tension is as th6 qiiantity 
simply, the iiitcuaity, taken as a measure, 13 as the square 
of tlie (paiiiifcy, and the tension therefore as the square 
root of the intensity ; the surface on which the electricity is 
collected being always the same : we may with propriety say 
" electricity ot tension " or "tension of a charge," &c., but 
we cannot correctly say " electricity of iiitensityj" or " in- 
tensity of charge," &c., although this last. form of expression 
has been often employed conventionally, and "intensity" 
confounded with " tension," which should not be the case. 
According to the intensity electrometer, the tension of ,1 
charge would be four times as great with a double accumu- 
lation on the same area, whereas it is only twice as great, aa 
ire aee by Lane's discharging electromefcar, whidi fihowg the 
]power of given acoumuUiiaonB to overcome diatances or impe- 
dunents in pioportion -to the quuitity. 

115, TettMon-also applies to the reaettve'fiiioe of particiieB 
ooBsfxained to asanme a new coo^tion or forced deviaHon 
fetm a normal state, as, for «ample, to the condition of the 
jmrtiolea of a non-co&diie&ig medium, such as air under 
induction, between the opposed aurfaces of a charged and 
neutral oonductor.* Eaiaday baa occasionally employed 
the term "tension" to designate elaetro-motive force ; but as 
being expressive of any occult or specific quality of elec- 
tricity considered as a material agency, no iutelllgible defini- 
tion of the term lias been as yet ever proposed. So far, 
the question is open to much further investigation. - Until, 

* For & fall explanatioa of all these poluta, the stodent is referred to 
ottt Radifflentai? Eleotricitjr, chap. ir. 141, 
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howSTW, we become better acr[iiaiiited with the nature and 
source of the agency we term electricity, and of which at 
present we may be said to be perfectly ignorant, it would he 
quite useless to speculate upon any occult or Iiypothetical 
quality ifc loay bo assuuied to possess, under tlie deaignafciou 
of the term " tension." 

H6, It is impossible not to be struck ^vItll tiie great 
approximative condition of the pile to the similar osiating 
conditions of a magnetic bar,* or that of an insulated 
charged conductor under the inductire action of a conductor 
either insulated or connected . with the earth.f In the 
magnetic bar the system would ajrpeai to be too -rigid 
to admit of the changes shown in -!Eiip. 12, although the 
tendency ia evidently the same, as ia seen in connecting 
either extremity of the bar with a large mass of iron. 
In the case of the eleetrically charged and neutral con- 
ductor, many of the phenomena may be approximately, if 
not completely, obtained. - Two elecixoscopes in ccmneetion, 
one with t^e poBitave, the other with the negaisve cmitinga 
of an inaolated charged -jar, are acted on in precisely ike 
Bsme way aa the electroact^es at the eztremitieB of the 
pile, Eip. 12. It woidd farther appear from these experi- 
ments, that there ia really what Yolta terms an eletifio- 
motive action throngh the pile, by which the zino eai 
becomes positare, and the copper negatiye, the electrical 
tension of either end being increased when tho opposite 
extremity is connected with the ground. It is likewise 
further proved, that the interposed fluid has conducting, 
not insulating) properties. If the iluid were an insulator, 
these electrical changes could not oecur. So fur Volta'a 
hypothesis applies very happily to tlio phenomena just 
enumerated Exp. 10, 11, 12, although it falls iu a satis- 
factory explanation of the acbiou of a simple circle ; in this 
case we are obliged to assume the existence of a constant 

<t Rndimenlai; Magnetism (26}, p. 21 ; (89) p. 3S, part i 
t BntUniaQtarT Blectridt? (SO), p. 15. 
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(nrcolalaoii of the natnial eUctridty of tlie elemrails "by Bome 
unknown influence in the posittre metal by which it attracts 
eleotru^t^ from one hoAj, at the same time it is giving it off 
to another (62). 

117. The development of electricity of tension in the 
pile jncrcaaes with the number of the series, and is also 
very dependent on the kind of fluid interposed between the 
plates. It may be readily conceived that in the insidated 
state of the battery (112) fig. 52, the first zinc plate can only 
act on the first copper plate ; hut the second zinc plate, 
receiving through the interposed fluid the accumulated 
charge of the first tvo plates, bccomca more highly positive 
than if not so placed : to this accumulation we must add, aa 
a constant quantity in the series, the independent action of 
the zinc plate on its associate copper, which renders it still 
more highly positive ; hence, we have a sort of uniformly 
oocelerai^g accumulation up to the terminating copper at the 
opposite extremity of the battery, and a final electrical t^osion 
proportional to the number of plates. This tension would be 
necessarily augmented by a metallic communicatioa between 
the opposite extremity of the pile and the ground, Exp. 12, 
because such a communication would tend to increase the 
electrical capacity of the plate terminating that end of the 
series. On this pcindpH Hr. Singer fbond &a,t in the 
contact ezpmiment, (14) Sbqi. 6, tiie eflbct was considovblj 
greater, when instead of inaulatisg both phitmi, one of them 
was allowed to repose on the hand or some other conductor. 
This dednction, however, applies prineipallyto the purely 
electrical derdopmenta of the pile, aad has been found to 
obtain np to an arrangement in series of 1500 piurs of plates. 

118. When two wires eomieeted with apposite eztremitiea 
of the pile are brooght near each other, a small brilliant spark 
is observed to pass between them, which may, under ordinary 
circumstances, be considered as a purely eleetrical efibet, and 
aa a result of common disraptire discharge. The tension, 
however, is not suffident to admit of any considerable 
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Btcikiug diatance, as in the caso of a spark from the common 
electrical machine. This voltnic spark, therefore, seldom 
exceeds a striking distance of more tlian y'jjth of aninch; ive 
may, however, with very active ^'oltaic coiiibinationa, obtain 
a very rapid succession of sparka, which occur every time 
the contact with the battery is made or broken. 

119. If, in completing the circuit, we make the contacts 
tbroughapieceof well-burned charcoal, then the sparkincreases 
in brilliancy ; and if taken between wires armed with char- 
.coal points, the light, with a powerful battery, ia of the moot 
intense description, being almost insupportable by the eye. 
This astounding evolution of light does not appear to arise 
from any corobuBtion of the charcoal, which, although par- 
tially ignited, suffers very little waste. The spark is brilliant in 
different gaaet ; and will eysa take place irhen the ebaicoal 
points are immerBed in fluids of low conducting power, auch 
as oils and water. There is no doubt but that^ in some 
cases, the prodnotion of the Toltaio Cfpark is mixed up with 
the ignition and combiutiouof the metaUic' sarfaces between 
which it occurs. 

120. Ina highly rarefied medium, thespark taken betwerai 
charcoal points may be extended into a beautiful arc of 
voltaic flame, of C inches in leogU), described by Sir H. Davy 
as resembling two cones with their bases opposite to each 
other, and producing beautifol coruscations of purple light. 
This effect may be also produced in air, with a very powerful 
battery, through a space of several inches. When the char- 
coal points, being lieated to whiteness, are withdrawn from 
each other, then it is the voltaic discharge takes place through 
the intervening heated air.* 

121. The electrical eifeets of the pile have been further 
found to depend materially upon the kind of fluid with 
which the metaU aro naaociated, and to bo, aa bcforo 
observed (47), greatest when the chemical action of the 
series is least, Yolta observed this in the electrical action 

* Btoraento of Chemical PUIoaophr, p. 1S8. 
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of tie " couronne dea taraea " (32). Having charged the 
system with pure water, lie observed tlie degree of divergence 
of his straw electrometer, and tried tlio power of tbo shook: 
On adding a small qaautifcy of salt to oacli cup, the shock 
evidently increased, but the divergence of the electrometer 
remained the same. Tlie most pmvcrfid electrical effects are 
produced by exciting an ostcnsive series with coinnion river 
water, by which a considerable charge iu iuatantaaeouflly 
imparted to the Lcydeu hattezy when conxiected with the 
catremitiea of the aericH. % 

Exp, 13, Construct a Cruickshauk's trough (GS) up to a 
seriea of 800 or 1000 plates, and connect the inner and 
outer coatings of about 10 aquai-G feet of coated glass with 
its positive and negative extremitieg. The coated glasa will 
immediately become charged up to an intensity somewhat 
eseeoding iiiat of the voltaic tenaiou, and will display through 
the ordinary electrometer active electrical development. 

Exp, 14. Allow the Leyden battery to remain in contact 
with the extremities of the Voltaic series as before, and having 
connected the outer coating with awire attached to the ball 
of a disdiargerT.hring the haU near the knob of the hstterj. 
A i^pid auacraraosL of spailia will be obtoined by the con- 
timwdoha^mgasSe&ehiirgiiigaEthe jara; andif aftnexron 
wire be made tlw iite£uin ol diaohsq;e, and one eoA. of it be 
brought to .touch, the knob of the electrical battery in a 
zepeated enceesnoii of ccbtacts, wc shall obtain brilliant 
soiiitiilationfl and apaclra attended by a crackling noise. 
With the water batteries ctf Cross, Noad, and Gassiot, already 
alluded to (SO), the elecfaicsl developments are exceedingly 
powerful : electrical attractions and repulsions occur freely ; 
sparks, piercing electrical streams, and shocks are also 
obtained. Seventy-three feet of coated glass continues to 
charge so rapidly as to cause repeated aud loud explosions. 
When diaoharged through gold-leaf, the leaf is brilliantly 
deflagrated. iFine iron wire is caused to scintillate ; light 
subatences axa attracted by. the obarging ball of the 
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electrical bafctoy at a distance of some inched, and repelled 
again. 

. * 122. The degree of electrical power tlius developed will be, 
as juat observed, in proportion to the estent of the, series, 
or number of repetitions- The size of the pktea .^pear? to 
bave but Uttle influence on the results, Three or ibor 
hundred paira of plates, of 2 inches- square, well .inHolated 
mi, cbwrged vith water,i are eu^Qi^t for. common pi^poises j 
and i&iq important to .obsenre, that IJiis Yoltaio battety has 
no such power, takeoi aktse^ aa th»t wbic^ it -gires rise to 
through the .medium of <aqated'.8JqBB. The most power^ 
eleetrical mselune could. iaot: produce anything. like .Biuli 
eflbote, although -it could ohaige coated, glass .to.a muoli 
higliei inteusit}' (113.) Theqiuuildtjrofelectiiuty^olredby 
the Yoltaic apparatus must be ^.erefore .neeeBsarilj reiy 
considerable, although verj liiftited as to. teuEdon. It is, in 
fact, incapable of charging coated glass to any great elevation 
of the ordinary quadrant electrometer ; but the degree to 
which it ca7i charge it, is instantaneous. A single jar is 
always charged at once by the slightest poseible eostafit^ and 
to rather more than tho intensity evinced -by the extc^isitiea 
of the Voltaic battery employed. 

123. It would appear, therefore, that tho Voltaic apparatus 
can supply almost an unlimited quantity of electricity, but 
then its tension ia comparatively weak, aud there is little 
doubt but that much of the electricity developed by the 
metals is lost tlirougli the fluid conductor ^'ith which they 
are associated. "When we interpose an electrical jar or bat- 
tery between the poles or electrodes of the apparatus, we 
have a sort of -magazine into which the electricity evolved is 
immediately received and stored up. The accumulation as 
to quantity, however, the intensity being limited, can only 
be in proportion to the extent of coated glass; hence we 
£ud that many equal jars, combined under the form of a 
battery, have greater electrical heating power than, one jar 
alone, — a large jar greater than a small one ; a small jar 
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greater than the appsirntHs itaelf. Now, tlie lieating effects 
of common electricity being altogether iudepeudeiit of its 
intensity, as manifested ty the common electrometers, and 
entirely dependent on the quantity, we should expect to find, 
as wo do in this particular case, that the greater extent of 
surface wo have in contact with the poles of the Voltaic 
apparatus, the greater will be the quantity of electricity 
accumulated and discharged at each breaking and completion 
of the Leyden circuit. AVe have, in fact, shown (Rudi- 
mentary Electricity, chap, vi.), that whatever be the extent 
of coated glass on which we accumulate a given quantity of 
eleetiicity, or whether it be thict glaaa or thin, the whole 
qnantitT', at the instant of discharge, becomes concentrated, 
and will in any case produce the same effect on a metallic 
^vira, although, if accumulated on a limited extent of surface, 
or on thick glass, the intensity as evinced by the ordinary 
eleotrometw may he very different.* The effect, therefore, 
being dependent on qnsotity, ure can eridently, imder 8 given 
degree of intensity, obtain a lai^ quanldty of efeotricity 
iq)on a greater extent of mixihce than npon a smaJl extent ; 
and this is precisely the case noir nnder oonsideration. 

124. "We owe to the iAgenoily of the celehrated Be Lnc, 
as he&re remadced (47), a very mastedly analysis of tiie 
Toltaic apparatos, in which he drarly shows that an important 
line of demarcation exists between the purely dectrioal and 
electt(H]hemioal action of the pile, and the order of the seriee 
t^on which each of these powers depends. He takes the 
three elements of the series, viz., the two metals and fluid 
in three different ways. He first places the fluid between 
the two metals ; second, ho joins the two metala together, 
first with the fluid in contact with one of them, and 
then in contact with the other, kecpiug the groups 
distinct hy intermediate -wire supports, so as to confine 
the action bo far as possible to the respective groups. 

* See Endimetitaij Bleotridty, p. 168; also Phil. Trana. fbr 188*, 
p. 235. 8e« nlsa (189) p. 160, of tb£s orotic. . 
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The jfoUowiog figures, 63, 64, 66, represent tlieae several 
ajTangements. 

' In fig. 53 we have the fioid /between the two metals z b, 
with m intermediate wire support between each group. In 

Fig. 53. Fig. 54. 



Fig. So. 



fig. 54 we have the two metals, s z, combined with the fluid /, 
in contact with the zinc z. In &g. 55 we have again the two 
metals, s ?., combined with the fluid f, in contact with the 
silver s, the groups in each Bcries being aepanited as before 
hj_ an intermediate wire support. 

126. This understood, we have to imagine an electrometer 
in connection wUh each extremity of the respective arrange- 
mente, mid the (^posite extremities further joined throng 
an interrupted oirouit.of two wu^es in a tube of watOT, 
so that hoib the electrical 
and eleotaro-chemical* actiton 
of the reapeotive groups may 
be observed : the one by the i 
electrometers, the other by 
the decomposition of the 
water. The precise form 
of the experiment resorted to 
by M. De Luc is represented 
in the annexed figure, 56, in 
which r J J* K represent two 
insulated piles connected at 
theur zme and copper extremities by a wii-e q r, so that p j 
r. ji may be considered as a single column, of vrbtch f is 
the positive, and v the negative extremity. Between these 
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extremities, p i>, are two glass tubes, w, containing water, 
and disjointed wires connecting with each end, p v, of the 
column, and united at o. SB are two gold-leaf electro- 
Bcopes, connected one with each end of the pile, as in 
Exp. 11 (112). 

Ill this nrrangoment it may he ])ereeived that the decom- 
position of the water between t]ie extremities of the wires in 
the tuhes w would denote the activity of the chemical action ; 
they would be in fact two voltameters (93), whilst the electro- 
meters E E would furnish a means of estimating the amount 
of pure electrical development. The piles employed by De 
Luc consisted of seventy-six pairs of zinc and silver plates, 
of rather more than an incli and a half in diameter ; W»e 
fluid between being in some experiments pore water; in 
others, saline fluids. 

126. The dissection of the pile excited by pure wateF,'a8 
indicated in fig. 63 (that isy with the fluid between the' twa 
metals), Bhowed, th^ the eztaremi^ oonueoted vit^ the irire 
in the tube w, evolving o^gen, is potdtiT^ asd tihat the 
current proceeds &om this to the wire evolTiiig hyitog&a.. 
"With respect to the electrometers b b, Hbej are not t^oya 
both affected at the same time ; eometimes one only direiges^ 
either at the positiTe extremity p, or it Ihe negatire extee* 
mil^ If. The pile, when disseeted in this way, acts electrically 
sod chemically like the continuous pile, fig. IS (27), but the 
action is less powerM. In either caee, the shock icom it is 
very insensible. 

When dissected in the second way, as represented in 
fig. 54, with the wet cloth in contact with the zinc, the same 
electrical indications of the extremities P if are apparent ; 
but the shock is insensible when the interrupted circuit 
is added ; and no decomposition of the w-afccr is observable, 
lions. De Luc concludes, therefore, that the electrical and 
chemical eflects originate in difl'erent sources. Here is an 
instance of purely electrical action mthout chemical action. 

The third diseeotion of the pile, in which the Smi. medima 
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VBS in . ooat&ct ivith the nlver, gave neitlier eleotrical nor 
chemical indications. 

In this set of esperimenta the interposed fluid was pxire 
water. 

127. When the intermediate cloth was saturated with a 
stroug aoliition of muria.te of aoAa, the first diaseetion of t!ie 
pile, fig. 53, evinced aimihir ckctriciil developments in every 
sense. Here, however, the power of the ahock wag consider- 
able. When the interrupted circuit w was put on, tlje shock 
was less violent. Chemical action ensued, hut was dirainiahed 
by uniting the opposite poles, p, through each hand, thereby 
showing that the conducting powers of the human body are 
pretty nearly the same as water. Similar results to tlioso 
before obtained followed in the cases of the second and third 
dissections of the pile (fig. 51 and 55), 

128. M, De Luc concludes from these investigations that 
the electrical effects of the pile depend on the association 
togetiier <>f -tixQ two metals separated in grou|)s by a non- 
mat^He ctA^tfCtor, whilst for the chemical effects wo 
reqmre temffly gtonps of two metals with a fluid between 
them. The ■pQs, as dissected in the first way, flg. -63, is 
e^Tal^t to the (foixtintioaB ^Sle, since we have the two 
metals cffflzieeted an intehnediate wire finme: Here we 
bave tihe amtngement ifi^[ai8ite to the piirelj eleotricai 
edicts, 'viz., the two metals eeparated by a fluid; and we 
ham also l^e arrangement necessary to tha chemicid action, 
tIz., two metals with a fluid between them, la the second 
dbsediion, fig. Sd-, however, we have not this latter 
giaapiiig:- there ara the two metals in contact, and each 
group ifl sepaxatod by afiaid, hence the pure electrical action ; 
bat rinco there is no fluid actually between the metals, 
we have no attendant chemical action. The third dis- 
section gives, as might he expected, neither result; ih'st, 
because there ia still no fluid between the metals, and, 
second^, becanee the zino has the copper plate on the 

. one side and the wire-stand on the other ; these counteract 
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eadi other, bot]! having tlie same electrical lelatioa to 
the zinc. 

129. The di£[bimt effects ohserrable in these experimentB 
led to a further ezaminatioii of the relatioaB between the 
chemical action and the oxidation of the zino of the pile. 
With tbid view a comparative pile waa constructed of the 
two metals, ailver and pewter, the latter metal being bat 
little oxidable by pure water, but very ozidable by muriatic 
acid : moreover it iias a favourable electrical i-elation to 
the ailver. The results of a careful series of experiments 
showed, tliat when the pewter was but slightly oxidated by 
the water, no chemical effects ensued, nor was there any 
shock perceptible, alfcliough the electrometers diverged freely, 
—the pewter extremity of the pile being positive, and the 
silver negative. When the pile waa excited by a strong solution 
of mariue salt, the electrical action evinced by the electro- 
meters declined or ceased altogether. The shock, however, 
now became sensible, as also the chemical action in the 
interrupted circuit. On examining the state of the pile,' the 
pewter plates were found oxidated. In any case of voltaic 
action, whether purely electrical or chemical, the current is 
retarded in its passage across the interrupted circuit. 

180. The electrical effects of the pile we have been here 
ffi;f^.tniping are purely electrical, and may be termed primaiy 
effects, in contradtetinctdon to certun other effects also 
electrical ; termed secondaiy efifecte. Yolta bad obaen:Ted, 
that when a slip of moistened pap^ is placed in connection 
with the poles of the pile, each half of it becomes differently 
electrified ; that portion next the zinc, or positive extremity, 
is electrified positively, and that portion next the copper, or 
negative extremity, is electrified negatively. If this paper 
slip be now removed upon good insulating glass rods, this 
polar electrical condition of the paper slip remains for a 
short time. Bitter, struck by this fact, proceeded to con- 
Btmot a pile of alternations of moistened cloth, with a single 
metal. The eztremities of this series being placed in 
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conducting coramuuicatioQ with the opposite extremities of 
the voltaic pile, it receives a chaise similar to that of the 
moistened slip of paper, — one half of it becomes electrified 
positively, the other negatively. On breaking the connec- 
tions with tlio voltaic poles, the electrical state impressed on 
the secondary pile remains, and it will continue to exhibit 
all the phenomena of the primary pile for some time. This 
kind of pile haa been termed the secondary pile of Bitter. 

Besides this daas of aecMmdaiy e&cte of the pile, there 
are other similar effects of an important and intereeting 
kiad, demandiog espedel attention ; these, however, depend- 
ing materially upon the conditimi of the metallio cizcnit 
joining the poles of the pile, and npon current and mag- 
netic force, will be considered in a future part of owe 
work.* 

131. ^hysioloffical ^Effixts. — By physiological efi^B we 
are to uuderatand efiects more especially conneoted with 
the functions or piop«*tie8 of animal life, or, in &ct^ with 
any species of animated organised matter.f We have seen, 
for example, that spasmodic and muscular contractions are 
elicited in the frog and other animals wlien exposed to the 
current of a simple voltaic circle (10), as also the peculiar 
sensations produced on the nerves of taste, in exposing the 
tongue and lips to the contact of two different metals (19). 
Such effects have been termed physiological effects, and 
they form a most important, and as bearing on the principle 
of vitality, a somewhat fearful scientific subject. 

Of this class of effects, the peculiar sensation experienced 
by the animal frame, when uniting the opposite poles of the 
voltaic apparatus, demands especial attention. About forty 
pairs of plates, with an intermediate solution of marine salt, 
is sufficient to produce a shock sensibly felt \a. the hands 
and arms, when the opposite eztremitiea of the pile are 

* See (216), Clup. Tn. 
■t^ Pbjtidogj— from tlie Gteek of ^iva, "urtnt^" and Kkfu, dli> 
eoniM"— is the (etnce of the atnteinre of living betng^ 
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touched at the same instnnt, one irith each hand, the haods 
being well moifstened witli water. The moat effectual way- 
is to wet the hands, and hold in their grasp the bowl of a 
metallic spoon, we then bring the stems of the spoons to 
touch t'le opposite eitremitiea of the pile. The character of 
this shock ia less stunning, aa it were, than that produced 
by the discharge of the Leyden jar, and less numbing t^iaa 
the shock, of the Gtymnotns and Torpedo ; the precise seiufr- 
tion is scarcely to be described. By increasing the nnmber 
of the series, this Toltsic effect continues to increase in force, 
anHI at length it is perfect^ insDjtportable. The acnteness 
of shock does not, hoverer, depaid so mnch on 13ie sice 
of the plates <^ the serieB, aa on the namber of repetitions 
and the nature of the ezoiting floid; a BOase of plates of 
three inches square excited with dilnte muriatic acid, irill 
produce a shock qmbe rb acute, although perhaps not quite 
as dense, as the same number of plates of six inehes sgnrae. 
When excited, however, by river water, the abode of the 
same battery ia scarcely perceptible. 

132. The great discovery of the voltaic pile, and its subse- 
quent conversion by Cruiekshanks into a form of apparatus 
of increased power, necessarily led to very extensive experi- 
ments in its application to the resuscitation of suspended 
life, or to the semi- rest oration of animal functions in cases 
of recent death, all of which involved physiological ques- 
tions of deep and intense interest. 

A very moderate battery is sufficieut to produce muscular 
motion in animals recently dead. If a wire, proceeding 
From the copper end of a Cniicksbanks's trough, containing 
about 100 pairs of plates (68), and excited by dilute acid, 
be put into one of the ears of an ox or a sheep just 
hilled, and another wire be introduced into the opposite 
ear, then, at each completion of the circuit with the zinc 
extremities of the battery, at small iuterrals of time, strong 
cniTiilfiiTe moTffliients and contuftotbns enwa in 
sereral muscles aibout the hesd and bee, and which go at 
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first Tery far in iuipresaing the experimenter with tlie 
iden, that all the original sensient powers are restored. 
The eye-balls become so affected as to roll apparently 
in their sockets, the eye-lida open and dose, and a sort 
of Binelling and chewing motion is excited in the museles 
of the mouth and face, during which the nostrils vibrate 
freely and the jaws appear to masticate. When a horse, 
soon after it has been shot, is exposed to the electro- 
motdre action of the apparatus, the limbs struggle Ttith, bo 
much power as to require the united ftvce of mmj persons 
to restrain them. In the course of some experiments of this 
kiud on the head of an ox recently killed, the tongue was so 
forcibly drawn into the mouth as to detach a strong skewer 
hy which it was secured to the table.* The legs of a &og 
also^ with a much less poreifDl battery, may be caused to 
le^ to a considerable diBtBiice. 

188. 01 ibis ekes of esperiment the ^plication of the 
n^tsio cartexA to the bnman fame, ^ber in a state of 
perfect life or immediately after death, must be regarded aa 
the most exciting and perbapa the most important ; althougli 
in many cases awfully painful to behold. If a limb rec^tly 
amputated be exposed to the action of forty or Sfty pairs of 
plates, the muscles ore immediately tjurown into convulsive 
and contractile motion, whilst a powecM battray exdtea 
in a recently executed criminal, terrible efforts of spas- 
modic life. The iirst experiments of this kind appear to 
have been made at Turin, on criminals who had perished 
by the guillotine. The moat complete experiments, however, 
on record, are those carried out at Glasgow by Dr. Andrew 
Ure, 4th November, 1818, on the body of a recently exe- 
cuted criminal, a man of middle staturi?, about thirty years 
of age, athletic and muscular. The body had remained 
suspended for nearly an hour, no convulsive motion was 
apparent at the moment of ezeoutdon. The body was 

* \Ouaioa'« GalTMuim, foi. ii. 

02 
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brougbt to the University about ten minutes after having 
been removed from the gibbet. "What renders these 
terrible experiments the more valuable is the great philo- 
aophical circumspection and care vrith which they were 
conducted ; all the dissections having been carefully made 
under the immediate superintendence of the Professor of 
Anatomy, Dr. Jeffcye. The battery consisted of 270 pairs 
of four-inch plates, charged with dilute nitro-Bulphuric acid 
(68). Under these cireamBbancea the foUowing ezperinients 
vere carried oat ; the annexed diagram, fig. 67, b^g taken 
to represent 1^ general contour of the body. 

184. P. An imnmon vas made at a, right nndra; the occi- 
put at the top of the spiae, and the spinal exposed. 

Another incisioit was made at h at the left 
hip, and the great sctatiu nerve passuog 
there laid bare. Finally, a third incimon 
was made at c at the heeL ConnectTona 
being established throi^h a and h with the 
zinc and copper extremities of the battery, 
all tlie muscles of the body became vio- 
lently agitated by a sort of couvulsive 
shivering, more especially on the left 
side. On removing the wire at h, to the 
heel at c, the knee, which had been pre- 
viously bent, was thrown forward with 
such force as to overturn those who tried 
to restrain it. 

2°. An incision was now made at d, about three inches 
above the clavicle, so as to expose the nerve there connected 
with the ptincipal muscle of respiration, the diaphragm, and 
communicating also with the heart. Another incision was 
made about e, under the cartilage of the seventh rib, 
dose to the diaphragm. On making the contact with the 
battery very perfect between these points d e, and at the 
same time drawing the distant extremity of one of the 
ooonecting wires of the battery rapidly over the plates ia 
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the last trough leading to either of the electrodes or poles, 
laborious breatliiug instantly commenced ; the clieat began 
to heave, and all the auxiliary machinery of respiration were 
called into operation. This experiment appears to have 
been the most striking experiment aa jet made with tho 
voltaic apparatus ; and although no pulsation could be 
detected at the Trrist, owing to the blood-Tesaels having 
been so long drained of blood, yet it was iaferred, that but 
for this evacuation, that phenomenon might also have been 
produced. 

3°. An incision was now made at r, just above the eye- 
brow, so as to expose the nerve which passes out there, and 
connections with the battery made with the heel at c. On 
romung one of the wires over the phites as before, from the 
220th to tlie 270th pair of plates, thereby accumulating a 
nqiid 8UQ<»88u>n of 60 shocks, each greater than the pre* 
ceding, eveiy musde of the face became thrown into a state 
of fbaxflil ftciion, expressiTe of rage, horror, despair, and 
eliinting buoH fj^at^j smiles ta to drive Beresal of the 
i^[>ectBtors irom the apartm^t. 

4<*..The last experim«it consisted m transnntting the 
voltaic ouiient from the conneoUon with the spinal marrow 
at a to the great nerve of the am, vrh^re it passes by the 
elbow at t. The fingers now moved with great rapidity and 
flexibility like those of a performer on the violio. On remor- 
ing the connection fl'om 2 to an incision in the top of the 
fore&ngcr at m, the finger instantly became extended, and 
in such way as to appear to point to diiferent persons. 

135, Prom the amazing influence of the voltaic apparatus 
on these apparently extinct vital functions, it is difficult to 
say, as observed by Dr. Ure, whether life might not have 
been eventually restored, supposing the exciting current 
Iiad been at once applied to tho muscles of respiration 
between d and e before the spinal marrow had been wounded, 
and the blood-vessels exhausted of their blood ; Dr. Wilson 
Philip having shown that the action of the diaphragm and 
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lungs must precede the restoration of the circulation and 
the action of tlie heart : tlie concIuBion is au important 
one, inaamucli as it indicates an effective application of the 
apparatus in cases of suspended animation from noxious 
vapours or other causes. In such cases Dr. Ure proposes 
as the most hopeful course, to taraasmit the current along the 
channel of the nerves, thereby providing a temporary sub- 
stitute for that nervous influence, without the presence of 
irhich life is impossible. It Tould appear from Dr. Wilson 
Philip's very beautiful physiological experiments, that the 
metallic electrk-ity of Volta, can really stand for or supply 
the place of what has been termed the nervous fluid. 
Having destroyed the neiTes of digestion in some rabbits, 
he succeeded in carrying on the fonctioDS of the stomach by 
means of the voltaic current, and so as to sustain life and 
digestion during a period of 26 hours. His general con- 
dnaions are, that voltuc deetaicity can effect the secretaon' 
of fluids flmm the bkod lequisite to the purposes of animal 
life, and that, too, much in the same mj aa ia efl»cted by 
the nsrroxa power, — a conclusion triiieh has been further 
verified by other phyaiologiBta. 

186. A vast namlier of expetunente made upon recently 
execoted eriminala and large aoimals, show that what has 
heen termed galvaniam emecoBea a powerful stimulating 
action on the miuicular and nervous systems; that the 
stimulation is far greater than anything reaulfciog from any 
mechanical agency, and is heoce a powerful means of 
restoring suspended life, combined with other remedies, in 
severe caaea of asphyxia, ariring from any cause ; bat the 
actual vital prinuny power it can neyer snpplj. 
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CHAPIEE V. 

CWBXLOiJ, EmCFS or THE fILE. 

Brief Bemw of the natvre axiA objecbi of Ohcmical 3deiu:&— Elements of 

the Material World — Doctrine of Definite Proportion a— Acid and 
alkaline effects of the opposite Electrodes in cliangiiig tlie colour of 
Vegetable Infusions — Revival of Meiala — Doeompuiiition and Reeompo- 
ation of W»ter— OiotthoB'B Theory of the Transfer of Elemenla— 
l>KTfn RtMarohHH tad Expatimmla — ^Deoampceitim of the Alkaliw— 
FnriliR lUostntioiis of the Bledm-QhemicAl actum of Ike Pile — 
Sewittw otths Theories of Dai; and Faradaj. 

137. Bgfobk entering upon tliia braneli of o\ir subject, it 
maj not be undesirable to sdveit briefly to the nature and 
objects of the science \re term Chemistry, as being essential 
to a full appreciation of the voltaic apparatus considered as 
a chemical agent. We may here observe, as common expe- 
rience teaches ua, that tho varioua bodies around us and of 
which the material world is made up, are in a constant 
state of ciiange to a greater or less extent. We see wat«p, 
for example, assuming the form of vapour. What ia called 
the decay <d the leaves amd brandies of ieeea exposed to 
tlia irindB, nin, aad o&bk atmoi^heria inflnwicee, is in &ct 
tlie ctmvecBitm or tnmamutatkm of one Idfid of sabBiance 
into another. We obeerre in owe common fires tiie brao- 
ti&l phenomenon <£ eombastKHi, tim is in £k^ nothing 
mon than a nev eom^nation of the constituents of the 
fuel with a portoon <d the air we breathe. Is the union of 
an acid with an alkaline subatance, such, for example aa 
that of nitric acid, vulgarly called aquafortis, mth potassa, 
commonly called potaafaf yre observe tfro acrid caustic bodies, 
each in ^aelf pimgent and deatructive, bo combined aa to 
lose all tiietF pifmitava charaotera and constitute a mild 
nentral Bait termed the nitrate of potBsaa, vulgarly called 
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saltpetre. Noir, in all these processes nob s particle of 
matter is lost; all is change only, either of form or conveTsion; 
— one kind of suhatance, in fact, is converted into another 
kind. Now, it is the object of chemical philosophy to trace 
and examine the nature of these changes, to determine as 
far as possible the simple elementary constituenta of every 
Itind of substance, that is, the primary matter of which 
various bodiea consist, and to investigate the great natural 
agencies or powors by which tlieac cbcmical combinations 
are estaUished or subverted- The term Cliemistry, in fact, 
really signifies a knowledge of the constitution of the 
various bodies composing the materiiil world ; * and the 
powers by which tbey arc regulated and controlled. 

138. Although the several kinds and forms of matter 
around us are almost innumerable, and the changes of ^hich 
they are susceptible almost infinite, still the analytical eye 
of chemical science, perceives amidst what may seem to be a 
confused variety, about fifty-two distinct elementary bodies; 
out of the various combinations of which, in quantity and pro- 
portion, fdl other substances arise. These bodies have been 
termed simple elements; they are considered, however, as 
elements, only so far as they are by any means in our power 
incapable of further change, or of being resolved into other 
kinds of matter ; they are all snlgecta of wdght and meaBore. 
Of these dements four have especial and marked powers, 
as displaying on extraordinary disposition to unite -with 
the remaining forty-eight, and which the^ act npcm 
in various ways~coiToding, penetrating, or dissolving 
them. These four bodies have heen termed oxyg^, 
chlorine, iodine, and fluorine. The remainisg forty-eight 
elements consist of: — 1°. Two gaseous bodies, termed 

* ICliateim "Chemistrj-" appeara to have been orfginaBy taken ftom 
&e AnUoof which aiguifiea occult, or tODcealed, ottd waa pre- 

eeM iif tbe tena " Alohymy ; " e, term given tv a sort of tentative or 
■peoolativ^ piooeM for converting the buer meUi into gold : f twm, 
Abo, foim the IraHe of "al," the, and "kimia," secret, from "ksnuu," 
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hydrogen and nitrdgen. 2°. Two fixed infunbla aolida, 
termed carbon and boron. 8°. Two fusible Tdatile aolidi^ 
ten^ied sulpbnr and phoupbonia ; and forfy-two metallic 
bodies, suc^ as gold, silyer, ooppw, Sus. 

139. The great unknown powers of nature to whioli these 
elements of the material world are subject, and bj which 
their combinations under various forms of substauces are 
established or subverted were, up to a late period, but very 
indistinctly apprehended. Au hypothetical force, termed 
chemical attraction, chemical affi^tittj, or elective attraction, 
was the supposed cause or causes of these varioua changes in 
the elements of matter. G-eofiroy, an acute f rench physician, 
says ; " There are certain relations amongst the different 
bodies which cause them to unite," that " those which uuite 
by preference have the greatest affinity," that is, -the greatest 
attraction for each other. Take, for example, the decompo- 
sition of a solution of the carbonate of soda of the shops by 
tartaric acid. In this case, on adding the tartaric acid, the 
eoda immediately combines with it, and its union witb Hie 
carbonic acid is at an end, which hence becomes, aa it were, 
thrown oat as fizisd air. Similarly, if Tra mix eolntions of 
nitrate nit baryta and sulphate of eoda together in c»bUn 
proportionB, 1^ acids in these aalta will actually change 
plaoee^ the nitric add, in comlunaticai irith the batyta, -will 
go over to the aoda, and the sulphnric acid, in combination 
with aoda, will go to the baryta, and we shall have 
the two orig^iitl salts conTorted uito two new salts by this 
sort of elecUve attraction ; (viz.), sulphate of baryta, which 
is insoluble in water, and which* sinhs to the bottom of the 
vessel, and nitrate of Bod% which remains in solution. 

140. Bergman, and subsequent chemists, modified and 
adopted these views, which were generally received. At 
length, a vast number of beautiful experimental inquiries 
led to a larger and more comprehensive idea of chemical 
combination. Balton, a name iUuBtrioua in the annala of 
chemical philoaophy, propounded, about the year 1803, a 

03 
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theory of cbetnical combinations of singular inter^t: Having 
usunied that matter is made up of inSnitely small ■paxUdeB, 
termed "atomB," be deduced a law of comTnUation of these 
atoms in definite or limited pn^oftions. ^Sms, for ex- 
ample, 40 .parts of Btilphurie add combine -with 77 parts <^ 
baryta, to prodnce 117 parts of the ineolable salt termed 
sulphate of baryta, and no way of pnttiDg &eBe snbatancee 
together in quantity can affect these definite propoHdons. 
Dalton also aupposes, that in chemical combinatioiis, one 
atxnit of 4Hie oonstitaent alwa^a nnitea, either with one atom 
of another constituent, or with two atoms, or with three, 
and so on in multiples ; each combination, altbough a combi- 
nation of the same elements, forming a different substance. 
Thus the chemical consfcifcuenta of the air -we breathe are 
really those of the cauatic destructive Kubstsitiee we terra 
aquafortis, or nitric acid ; i)ut then the uoitstituents are com- 
bined in different proporbions. Dalfcon further imagined, 
that the relative weights of these ultimate material atoms 
might be inferred from the proportions in which the two 
constituents unite. Such relatire weights he termed atomic 
weights. Although the assumption of material atoms ia 
evidently a piece of pure hypothesis, yet, as a fsoct of 
scaling-ladder to higher chemical knowledge, it is a conre- 
nient hypothesis. "VVollaston, however, in order to express 
the de&nite proportions in which substances combine che- 
mically, uses the less ot^ectionable term, "chemical equi- 
valent." Davy, ou similar grounds, employs tiie term 
" proportion " only. The term dieraical equivalent then 
implies t^ proptntion of a given snbstence, reqnistto to act by 
the laws of chemieid sEBnl^ on another anbstanoe, bo form a 
newaithetsoee. l^rasiltitfaUthisluuberaiatableofegm- 
Talent nombers lot each eiouen^ of a compound, expressing 
the ralao of oomlmalaon reduced to its lowest terms ; the 
numbea- for a g^ven prominent element, say hydrogen, being 
taken aa unity. Let, for example, the restive equivalmtB, 
or fttomic ve^|hta, of tbe following Bubatances be ; ly d rogem 
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= 1, carbon = G'12, oiygen = 8 ; then whenever hydrogen 
and carbon combine chemically particle to particle, they 
will uoite by weight in the ratio of 1 ; 6- 12 ; similarly, S of 
oxygen will unite with 1 of hydrogen, or of carbon. 

141. The profound French cbemist Gray Lusac, and 
the celebrated Humboldt, following up Dalton'a viewa of 
chemical union according to definite proportions, made a 
further diacoTery of a similar law for gaseous combinations. 
Tbe^ showed that in the combinatdou of gases, these Bub- 
BtaoeeBiiB^ liyroluiQe^som mmpledefin^ prcjiortion. 
^na ihtf otmop/eA, &at watw, far example, is fimned out 
oi the aaion of 100 volsmea or meuures of o^^igen, and 
200 of hydrogeo, and of no otiiar leUtave quantities; which 
would be the ratio of 1 : 2, combinations I ; 1, 1 : 2, 1 : 8 
as Tnww'T'tf'f of volume tbey found to oI>iaiii in all gaseous 
combinationB. 

112. It would be trespassing too mucb on the limits of 
this work to pursue these brief remarks further ; we have 
Biud enough, perhape, to render intelligible the bearing of 
voltaic electricity on the science of chemistry, under the 
form of a new science, tenned Electro-Chemistry; and to 
show how wide a field of chemical research became exposed to 
view by the discovery of such an astonishing agency as that 
of the voltaic current (23) (33), exerting as it does, an 
iniuenco almost omnipotent over the constituent elements 
of bodies. Hitherto the agencies at the command of the 
chemist were principally the action of substances on each 
other ; that is to say, chemical affinity, and that of caloric 
or fire. Here, however, we have a new power greawir man 
any thing the imagination of the chemist could hare devised. 

143. The beautiful discovery of the decomposition of 
water through the agency of the voltaic battery (35), may 
be considered as the great fundamental experiment of what 
has since been termed Electro-Chemistry. Messrs. Nicholson 
and Carlisle not only effected the evolution of the consti- 
toenta of water from the inm in oouneotipa wif& the 
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oppo6ite estremitlea of the pile, but they further collected 
the two gases, hydrogen and oxygen, in separate tubes, and 
found the comparative volumes, evolved in the same time, to 
be in the Bame proportions as those in which, by their che- 
mical combination, they woiild again re-combine into water 
(141). By means ofhis improved battery (68)j Cruickahanka 
Ter7 folly confirmed these resaltB, and made tftill further 
adTsncea in the new acience of elecbo-chemiala;^ (86): 
be employed silTer wires in the vater of ihe interrupted 
dnmit ^5), and coloured the water sligli^y with tincture of 
litmoB. liten it was observed, tiiat &e nihtxynxe coming 
from the zinc extoemity of the battery, tamed the colour of 
the fluid in contact with it feintlj red. On colouring the 
water with a weah infusion of Brazil wood, the ntrer wire 
coming from the copper extremi^ of the bnttery changed 
the colour of the fluid aromid it to a deeper shade, inclining 
to purple. Now, aa these effects are precisely the same as 
those reaulting from the addition of an acid or an alkali to 
water so coloured with litmus or Brazil wood, it was 
inferred that an acid had been generated at the point of the 
silver wire coming from the zinc or positive extremity rf" 
the battery, and an alkali from the silver wire coming from 
the copper or negative extremity of the battery. 

144. When the voltaic current was passed through the 
same interrupted circuit, in a glass tube fillod with solution 
of acetato of lead, commonly termed sugar of lead, the lead 
was observed to come out of the solution of the metallic 
salt, and collect upon the extremity of the negative wire. 
Other metala became similarly revived from solutions of 
metallic salts, such, for example, aa silver from solution of 
nitrate of silver, copper from solution of sulphate of 
copper, &c. YariouB neutral salts, in solution, as the 
sulphate of Boda, &c., were also decomposed in a similu 
way, and resolved into their constituent elements — an alkali 
and an acid. 

146. By a onteful inrestigation of the gases collected, the 
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effects of wires of diAereut metals, and the influence of the 
fluid in tie interrupted circuit, Mr. Cruickahanka further 
concluded ; that iu any fluid containing water, the gas evolved 
by the wire coming from the copper extremity of the battery 
ia itlwajB hydrogen; and if the fluid in the interrupted 
drcmt be a solutioQ of some metallic salt, then the metal of 
that salt IB caosed to re-appear, as it were, out of that boIu- 
tioD, upon t^ie Bame negative wire. If the wire coming 
&0A one eztrem% <tf the battery be a wire of platinum 
or {[oU, wUch ate not liable to <mdate, then pure 

oxygm is always disengaged from this poutire wire^ butif 
the wiie be a wire of copper, or oUier metal lial:^ to wdda- 
tion, then this positiTe wire becomes oorered with metalHo 
oxide, and bnt littie oigrgen is erolred. He also found i^at 
Snida not containing oi^gen vnll not traa»mit the voltaic 
current, but that any fluid which does contain cay^m vUl 
transmit Hbe current. 

Ibe following experiments wiU be found highly 
l^imctiTe iUnstrationa of these eleotro-chemicol vSevba at 
the Tcdtaic apparatus. 

!Exp. 15. !FiIt two small glass receivers, H 0, fig. 58, of 
about j ineh in diameter, with 
vater, and invert them in the 
usual way in a vessel, T, also full 
of water. Let two wires ^ n of 
gold or platinum he attached as 
terminations t-o the copper wires 
z c to be connected with the 
opposite extremities of the voltaic 
battery. Then, immediately the 
circuit ia complete, bubbles of 
gas will continue to be evolved 
from each of tlie wires p n, which will rise up and 
displace the fluid in the small receivers h o, and in such 
way that twice the volume of gas will be disengaged from 
the negative wire o » in a given time, as is disraiff^ed from 
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the positive wire p so that if the two receivers u o be 
preciaely equal, tbeu, when all the water is disf^ced from 
the tuba h over the aegstire wire n, onl; half the water will 
h«ia been displaced from the tobeo ov^the poritsrawice^, 
tbneby Bhon-ing that the compatfttiTe voliunefl al -the eTd.Ted 
gases are as 1 : 2. (141.) 

Exp. 16. Remove the receiver H, whilst carefully retaining 
tiie gas within, and after reverting it, apply a lighted taper 
to tiie mouth of tiie tube ; the gsa mte^ thns be inflamed. 
Hemove Ha reeeivet o in a Bim^ w^, tad a lighted 
tspcBF u befbee; the gas in this tube will not iBflame, but 
if a taaH H^ted ntateh be immened in it, the match will 
bum with geeai; l»nllianc]r. 

Tt will be immediaidy peroeited, from iheaa effiute, that 
the two gaiies dtiq^^ &b pK^tertieB of bydiogea and 
oiygen gases, acooeding to otdinaiT' chemical tests. 

Exp. 17. Fill one of the receivers o u bafinre yn&. waits, 
and having inverted it, bring both the wires ^ n, fig. 58, im- 
mediately under it, so that the two gases evolved nay rise 
together into the same tube, and displace ihe water. When 
full of the two gases, remove the receiver, revest it, and 
apply a lighted match to the mouth of the tube. He gases 
will then explode and vanish into water. 
A very elegant form of this experiment is shown in the 
59_ annexed fig. 59, in which m ; is a very thick 
and strong tube of glasa, about ^tha of an inch 
interior diameter, and 10 inches long, having 
two short ynres a h secured through holes 
pierced in its sides immediately opposite each 
other, leaving a small interruption between them 
within the tube. Having collected the gases 
as in the last experiment in this thick tube or 
receiver, secure it by a cork thrust into the 
s lower orifice q. If now an electric spark from 
a small Leaden jar be passed through the interrupted wires 
a b, the two gases will xeootnlnae into witec mUk explosive 
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force, and the cork q will be driven witli violence ont of the 
inoutli of the tube. 

Sip. 18' iEHll a glass tube of about half an inch or more 
m diameter vith dilate Bolution of the muriate of tin, the 
solution iKtng seeured in the tube hj a cork fitted in each 
end of it. Lefc a metallic vire be passed through the centre 
of each colic, and pnjecfc freely within the tube, as pepr&- 
senfeed in the uraiezed fig. 60. Oonneot one of the wires f 
Pig. 80. 




m& positive or ^c pole of the voltaic apparatus, and 
the other wire jr with the copper or negative pole. Then 
will an extremely beautiful vegetation of metallic ton 
begin to grow around the negative wire K, and will Boon 
cover it. A similar result ensues in solutions of other 
metallic salts. 

Eip. 19. Pill a syphon tube, t fig. 61, of about half an 
inch in diameter, with a delicate infuaiou 
of red cabbage leaves, and iutrodueo into 
each aide of it a platinum wire as indicated 
in the figui-e. Connect the wire n witli the 
negative side of the voltaic apparatus, and 
the opposite wire p with the positive side ; 
after a short 'time the infusion on the 
positive side p will have changed to red, 
and that on the negative side n to green. 
If the connections with the battery be 
reversed, that is, if » be connected with 
the positive aide, and p with the negative, then the colonrs 
win gradually aubaide and change places, the side n will turn 
to led tnd side J) to gieeu, thereby showing thai UL alkali 
has been determined to tiie negatire wire, and an acH to tiie 
pojsifiTe, fbe same resnlts being obtunable by t^ie addi^on 
of a weak alkaline or acid solution to either leg of the tube, 




130 



MtSBnaaxTLaT oaxtaitibm. 



and of which this vegetable infusion is in its change of 
colour a niosb delicate teat.* 

147. On reriewing these early reaulte of voltaic aciiioii, 
we eannot bub be impressed with the singular and wonderful 
influence the apparatus as a chemical agent, and its 
poweifbl 8Wsy over the partides of common matter ; Bnch 
results alone iroold neoeesarily awaken in a philosophiciLl 
mind 'Uie mort intense mtereat, but the progrm of the new 
science of electro-chemistxy wu destoned to elicit stall 
greats effects, and lead to queerlions of still deeper interest, 
mtter, a yonng and ardent experimental pbiloeophor at 
Seaa, obserred, that in the decompoaitiwi of water (146), 
£xp. 15, it WW not requisite to terminate the wires of the 
battery in the game Teasel, but that porfaona of water aepa- 
rated bj sulphuric acid still underwent deoomposition when 
ronnectcd with the positive and negatave eitremities of the 
apparatus, oxygen being still evolved from the positive wire, 
and hydrogen from the negative. Now, one of the effects 
observable in the original experiment of Nicholson and 
Carlisle (35), considered at the time as surprising, and 
difficult of explanation, is the production of the separated 
elements of water at the opposite electrodes (42) of the 
.npparatiis, and that too without any diacoverahle transfer 
of either of the disengaged elements. "VVe will imagine, for 
example.'a particle of water decomposed at the positive elec- 
trode, sny at p fig. 58 (14G), then the hydrogen firom whicli 
the oxygen is separated and evolved must be supposed to 
travel to the negative electrode «,and to be only apparent on 
reaching that point. Couv^sely, if we sappoae the decompo- 
sition to be at the negative electrode, then we must conceive 
the sepamted ozygentolxaveltotbe positive electrode. All 

* To pTepare tbe teat : — -We infaae Uie mtci^eii lenTes of the red cabbage 
in a small qoanlit; of dIatiUed hot water, and then strain oS the liquid, 
which will have a delimte bloe colour, and will become green b; the least 
addition of an alkaline aoltttion, and red, adding the weakest aoid 
Bolution. 
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tliis becomes the more ■wonderful ia the experiment of 
Eitter, in which the elements muat be imagined to travel 
through, intermediate acid. This appeared to Eitter bo 
unlikely, that he was led to imagine that the particles of 
water at each pole were wholly transformed, one into 
oxygen, the other into hydrogen, 

148. Davy, whose future electro-chemical researches were 
destined to shed bo much lustre on British science, struck by 
this extraordinary experiment, submitted separated portions 
of water placed in different glaaa vessels to the influence 
of the voltaic apparatus, as indicated in fig. Gl (151) ; no 
result ensued so long as the two portions of water remained 
disunited; directly, however, they were joined by a con- 
ducting wire or other channel of conduction, then the 
decompodtion went on in each glass as usual. In this 
ezpenmeni, if mj transfer of either of the elements of 
water took place, it moat hare been necessarily through the 
intermediate communicating wire or other condoetor. 

1^. Grottlms examined this ^neBtdon with great ability 
and ingenuity. He BQpposes^ in the chemicsl conatitation 
of water^ an atom of hydrogen to be imited to an atom of 
oxygen ; * that these aabatancM hare certain natural 
electrical tendencies or conditions, hydrogen b»ng a poBifive 
body, and o^gen a native body (17). WhilBt constituting 
water, these natural electricities neutralise each other, and 
told the two atoms together, the two forces being then in 
equilibrio. Directly, however, a particle of water is exposed 
to the influence of the voltaic series, this equilibrium 
is overset or disturbed, and a particle a, fig. 62, at the 
positive extremity p will have its oxygen atom o drawn 
towards p, and its hydrogen atom A' repelled from it. The 
one (oxygen) being by the hypothesis an electro-negatiTe 

* lUton rappowe one volmno of oxygen to contun as manyatomg ai 
two vohuDM of bydrogen; bo tbat, alliiani^we sappoBe the guaa united 
atom to atom, itill, friran aa Yolamee, they are united in tbe proportions 
ofl :2. 
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-aabrtanoe, and the oblier (hydn^en) an deotoo-posiiaTe 
^ulMtaqoe. Comerstlj, a partacle of waier b at the nf^ative 



Fig. 62. 




'extEeimty K of the apparatus, 'wQI have its hydrogen atom A 
■drawn towards sr, and its orjfgen atom o* repelled from it* 
The two elements of the water will "be ao far loosened in 
thdbr state of chemical union. A similar result will ensue 
in the next succeeding particle of water hj the inEuence of 
the atoms V o', and bo on through all the intermediate con- 
ducting chain between a and i ; that is to say, we shall have 
Tfhat bas been termed a polar electrical series, in wliicli all 
the positive electricities look oue way, and all the negative 
«leotiioLties the other,t as indicated by the positive and 
negaMre signs in the next fig. 63, in which i. x represents 



Fig. 63. 




the anode, or positive electrode ; o it the cathode, or n^;a- 
idve electrode (39) ; al o d being AuoeeasiTO partides of 
water made up of the gases oxygen and hydrc^^ o A, and 
in (^^oeite electrical states, as denoted by the signs 
-1- «jd— . 

160. The atom of ox^gan o, psrtide a, fig. 63, being as it 
were thus loi»eiied in Us eombioation wUJk the bydrogjen 
atom A', the poaitiTe wire p, by neutralising its negaldTO 

* BndtaMiiluj Bbofaddtr (18), y. 13. "ffinulv dMbieifieaRipiib^ 
vaA oiQMiate eleoitid&B aitaeteMli other." 
+ IMd (88), p. 45. 
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electrical energy, may eitber combine with it,, or set it free 
altogether under the form of gas. SimiJarly, the negative 
wire N may Bet free the hydrogen h. Directly, howerer, the 
iiret oxygen atom o is evolved, and its associate hydrogen 
1i' left alone, then this same hydrogen A' efiecta s deo)ni- 
position of the next particle of water b, unites with its 
oxygen atom, and again forming water, sets the next 
hydrogen atom free ; and so on through the whole chain 
of electrical action, up to the last particle of water <?, 
at the negative wire n, where an atom of hydrogen A 
is finally dismissed altogether in yietdiog up its positive 
electricity to the negative wii-e. We may easily conceive 
a senes of decompositions and recompositions converse 
to thia, &om s towards p, thereby causing a mutual 
mteroliaaife of op^os&o «3eefirioities end a final erolution 
of the two gaoGB «t tlie opposite irtreB p k Iry the con- 
lanaed action upon sooceBsiTe particlee of water in 
oontact mth them. A meohanical illiistratdon of this sort of 
action may be derived from ^le impidse upon a series of 
suspended elastic balls (24), fig. 11, a comparison by 
drottbus himself in further elucidation of his theory, and 
which very plausibly removes the difficulty iu explaining the 
evolution of the gases from the positive and negative wires 
of the apparatus, when separated by a considerable interval 
or placed in distiDct vessels of water united by conducting 
matter (147) (148). 

151, The preliminary cxperimpnts by Davy (1-iS), carried 
on between the years 1800 and 1805, were soou followed by 
a far wider range of experimented investigation, giving rise 
to the most brilliant results and discoveries which had as yet 
adorned this department of science. It was evidently to be 
inferred from the phenomena developed (146) in experiment 
19, that alkaline matter ia evolved at the negative wire n, 
Sg. 61, and add at the positive wire p ; and it would hence 
appew 'that an arad is genented by tte positive wire, and 
alkali by the negative wire. Bach vas not, however, Davy's 
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view of tliia reenlt;. Se conceired that tlie alkaline and acid 
matter aroaa from tlie action of some peculiar power of tbe 
apparatus, ty wliich hydrogen and inflammable matter, 
alkalies and metals, are determined to its negative pole, and 
oxygen and acids to its positive pole (37) ; that the forces 
thus excited are sufficiently powerful to detach the Bubstonces 
in question from tlieir most intimate combinations, and that 
hence the alkaline matter found in the water arose from a 
partial decomposition of the matter of the vessels used in the 
experiment, and the acid from the ojygen of the water with 
the nitrogen of the air. Davy, in the years 1806 and 1807, 
with consummate skill and address, fully pursued this 
momentous question through all its various and perplexing 
phases. Instead of a continuous vessel or syphon tube, 
employed in Exp. 19, fig. Gl (14G), he bad recourse to 
separate vessels, and in order to avoid all possible interfer- 
ence from disturbing causes, he employed veasda of agate 
filled with water, carefully distilled, and connected by fibres 
of transparent amiantbua or monntain flax. Xbe arrange- 
ment ia represented in the Hdjoioing %. 64, in irhicti x k are 
the -wires attached to the potdtiTe 
Fig. 64, and negative extremities of thd 

w J V paratus haviog terminations of gold 

or plabinum ; a, i the agate cups* 
containing distilled water, and d the 
fibres of amianthus connecting them. 
The result, however, was still traces 
of acid at the positive wire f, and alkali at the negative 
wire TS, notwithstanding the great precautions resorted to. 
When, however, instead of agate vessels glass cups were 
employed, the alkaline traces became much more marked and 
abundant, which should not have been the case, if the matter 
of the vessel containing the water had no influence on the 
result. Davy, therefore, still inferred that the source of the 
alkali was to be sought for in the decon^ontion of the matter 
of the veesel employed in the experiment. 




DATY'a BtEOTBO-CKEMICAL EXPEEIIIESTB. 141 



Under this conviction, and to completely avoid tliia source 
of fallacy, two cupa, a, h, fig, Gi, of pure gold, were now 
employed, containing water distilled from a silver still, 
these gold cups being connected with the iucombuatible 
mineral fibres as before. Still further to perfect the experi- 
ment, the whole process was conducted under an exhausted 
receiver, from which all ti-aces of oxygen were removed, bo 
for as poeeible. In thia case, the result was in complete 
acccHxUaiee whh Davy's new views, no traces either of alkali 
or add vme t^pareat, altliough the electro-chemical aetion 
went oainHu leater as tuual. Thus Tsoiabed all the fine 
Bpamlatdons on the power of electcuaiy to gaierate new 
Bubfitanoes from water. 

162. These highly intelleotnal uid persereiing inguines 
became in ttie hands of Davy, the germ v£ fucthw and 
aatomshing deetro-ohend^ discoTeries. Coimdering the 
immense inflnenee of the n^atsre wire in eSbctiog a decom- 
position- of the agate and glass Tessels, and in calling np one 
of their constituent e^ments into the water they contained, 
he conceived that the same power which could subdue such 
stubborn chemical combinations as exists in the constituents 
of agate and glaas, might subdue, if directed upon other 
compounds, combinations stiil more stubborn, and so be 
employed to resolve various kinds of substances into their con- 
stituent elements (1370 Such were the considerations that 
led to the immortal discovery of the resolution of the alkalies 
and earths into oxygen united to a metallic base, and showed 
them to be in fact nothing more or less than metallio oxides. 
Now, it was acutely imagined by this distinguished British 
chemist, that since in all cases of voltaic decomposition, 
alkaline and inflammable matter is invariably found upon 
the negative side of the apparatus, it was, therefore, highly 
probable that alkaline bodies contained sin inflammable 
elemoit, — a conjecture which soon after, in 1807, he fiilly 
confirmed. 

158. Having exposed a thin pieoa of potsssa to the moisten* 
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ing iiifluence of damp air, he placed it between two tbia platen 
of platinura, forming the electrodes of a powerful voltaic 
apparatus (38), (39), It became aeon resolyed into oxygen, 
and a bigbly inflammable and peculiar metalloid Bubstance ; 
the oxygen appearing as before at the anpde, and the metal- 
loid ioflammable at the cathode {39). Soda yielded to the 
same wonderful agency, and became likewise resolved into a 
metallic base and oxygen. Thus was effected one of the 
most momentous and brilliant discoveries to be found in the 
annals of chemical philosophy, potassa and soda having been 
hitherto considered as elementary substances (137). 

i54. The metal obtained from potassa has been termed 
" potassium," and that from soda " sodium." In colour, 
these corioos substances resemble silTer or metcory. At 
common tempetatares tbej are soft uid plutac Thwe dia- 
posiiaon, howerer, to oxidate is ao gz«8fe, that Hiey inBtsn% 
tanudii on exposure to the air, and will detach oxygen from 
teof Bubstanoe coutaioiiig it, Thej ean only be preserved 
by immersum in naphtha,* <a some o&iee Babstanee not con- 
taining o:q^en. Potaauom and aodiom, notwithstanding 
^eat metallicchszsotw, are boI^^ tiiat they float on water. 
When potassum is thrown on water, it immediately appears 
to inflame, decomposes the water, catches np its oxygen, and 
sets the hydrogen free. The combustion, on coi^act with 
the surface of the water, is a beautiful phenomenon. The 
flame is a raised flame of white, red, and violet. The result 
of the combustion ia to render the water alkaline. When 
moderately heated in oxygen gas, potaesiiim also inflames, 
and potassa is reproduced. 

Sodium also decomposes water violently, but does not 
appear to bum. When thrown on nitric acid, however, it 
boms with great briBanoy. Both snbRtaoces mote with 
nerotuy in VatiouB pn>porti<mB,,aad l^Hcm amalgamg, which 

* A llgU and almnt colonrleu dl, dlitjUed from a TiBooiu rolntaiie^ 
tnroed prtrolenm. It is also a natirs oomlraatibb Uqidd, foni^ in gptSnga, 
ut Arm of tt« OiiViBn Sm. 
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decompoae miter and set upon all tlie metala— evm upon 

platinum. 

155. The decoTDpoBitioii of potassa and soda may be com- 
pletely effected with Etbout 150 pairs of •l-inch plates, vitfa 
double copper excited by one part nitric acid to thirty of 
■water (72). With the two fluid batteries of Dauiell (V5), 
and other more modern orraogemeQts, the result ia easily 
attainable. A plate of platmuoi is to be connected with the 
n^ative side of the battery, mid a tfalu piece of pnre potasBS 
or soda placed oil it. "We then bring tmothee and similar 
piste of platinnm, connected with the poaitiTO side'of the 
ai^aratus, in contact with the nppra snrface of potaissa 
or soda. The alkali wUl boou appear to foae at the points of 
contact, and metallic globules collect at the negative surface. 
Amalgams of potaasium and sodium with mercury are 
readily obtained by placing a globule of mercury in a cavity 
cut in the surface of the alkali submitted to experiment. The 
alkali is now to be connected with the zine extremity of the 
battery, and the mercmy with the copper eitremity. Very 
soon the mercury ia converted ioto a soft solid, and, if tlirown 
into water, will rapidly decompose it. 

15G. It may be here again otaerved, that previously to 
these tliacoveries, potassa and soda were considered as ele- 
mentary bodies ; but tlie volatile alkali, ammonia, had been 
resolved into hydrogen and nifcrogeUj in the proportion of 
three volumes of hydrogen to one of nitrogen. Now of 
these three alkaline substances, potassa and soda are con- 
sidered as fixed alkalies, in contradistinction to ammonia, 
which is a highly volatile substance. Potassa and soda are 
obtained in burning to ashes various plants growing on the 
sea-shore, whilst the volatile alkali, ammonia, is obtained 
from a saline substance, separated by sublimation from snot; 
and called "Sal-Ammoniac." Pure ammonia is obtained 
from this substance nndra a gaseona form: it is rapidly 
absorbed bji* water, constituting^ what is termed h^pud ain- 
monia. This third species of alkali then may be considered as 
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a very wonderful substauce, and from a great \'driety of cir- 
cumstances posseases the liighest interest. It is not a little 
remarkable, that of these tliree alkaline aubatances, whose 
properties aa alkalies are bo very analogous, two of tlieni 
ehouid turn out to be metallic oxides, and the remaining one 
a compound of two gases, totally distinct in character from 
the constituents of the other two. It has, therefore, been 
conjectured, upon fair inductive rcasomng, that one of the 
gases constituting ammonia — probably nitrogen — although, 
classed as an elementary substaace, is really a compound 
Bttbatance having a metallic base, and that hence ammonia 
may at last turn oat to be also a metallic oxide. Now, 
although the powers of the voltaic apparatus hare not 
hitherto been so applied as to effect such a decomposition 
directly, still some a^roximation haslieeii made towards it. 
3X a moist cavity be formed in a pieoe of muriate of ammo- 
nia, commonly called aal-ammonia(^ and a globule of mercury 
placed in it, then, on connecting the ntercut7 with tbo 
negative aide of the voltaio apparatus through a wire having a 
pUfcinnm termination in the mercury, and the sal-ammoniac 
with the positiTe side^ a soft amalgam begins to arise, as in 
the case of potaasa and soda (155). The globule of mercury 
emits a white smoke, its volume enlarges, and it throws out 
ramiScations of apparently new matter. The am^gam thus 
obtained has a semi-Eolid consistence, and may be cut with a 
knife. The enlargement of the volume frequently amounts 
to ten times the volume of the mercury. This amalgam 
changes almost instantly by contact with the air, thereby 
showing that the base, hypothetlcally termed " aminouium," 
has the same disposition to combine with oxygen as evinced 
by potassium or sodium. When a portion of the amalgam 
is thrown into water, the water is rapidly decomposed. "We 
have hence every reason to conclude that the volatile alkali 
ammonia is similar in its constitution to that of the two fixed 
alkalies, although its metallic base has not yet been obtuned 
in s pore state. 
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157. Pontln, Berzelius, and Davy obtRined in a similar way 
amalgams of barytes, magnesia, lime, and other earths ; and 
it is hence to bo inferred, that nil these subatancea consist 
of oxygen united to a metallic base. These hypothetical 
metallic baaea have been named after the respective aub- 
stancea which are supposed to contain them ; thus, the 
metallic base of lime has been termed "calcium," of barytea 
" barium," of ailex " silicom," and so on. Aluminum, the 
metallic base of alum, haa been latelj obtained in compara* 
iivelj' large qumtitf by' a I^ncb cbemiat, M. Seville; 
who states it to be of a 'white colour, lesembling ailrer, 
it does not tanush, Ib inalleable and ductile, and heavier than 
gold. 

158. These beautiful reaearcbea most ever remain an 
imperishable monument of &e immense importance of the 
Toltaic apparatus as an instrument of chemic^ research ; its 
operation in separating the constituents of aubstancea, is 
unmistakeaWe in every variety of experiment. 

Thus, if siilpliiirie ncid, commonly called oil of vitriol, be 
placed in the circuit (39), fig. 18 ; oxygen gas is given olT at 
the anode, and sulphur deposited at the cathode ; plios- 
phorie acid ia converted into oxygen gas and phosphorous. 
Oils, alcohol, and tether, deposit charcoal, and give oS 
hydrogen, and so on ; no doubt; therefore can remain as to 
the actual chemical constitution of auch aubstancea. 

159. The following are some farther instructive illustra- 
tions of the action of the pile in disuniting and determining 
the constituent elements of compounds to its opposite 
electrodes or poles. 

!Ezp. 20. Let a adution of any neutral flolt, suppose the 
sulphate of soda (called Qlauber's salt), to be placed in sepa- 
rate glass cupB, and the solution in, each cup to be further 
united by some- fibres of moistened cotton, as iudieated 
(151) fig. 64 ; connect the fluid on each aide with iha poles 
of the apparatus aa before: after a few hours the solu* 
tion v'lU decompose! Hhe soda and acid, the constituents 
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of the salt, will have become separated and transferred 
in opposite directions : the acid will fae found in the cup 
connected with the unitiDg wire p, that 13, at the positare 
electrode, and the add in the cup connected with the 
uniting wire N, that is, at the negative electrode. 

Eip. 21. Let one of the cupa (151) fig. 64, contain a 
solution of a neutral salt, and place diatilied water in the 
other ; connect the glasses with moistened fibres as before, 
tind the cup containing the dissolved salt with the poedti.'tre 
wire f : complete the circuit by connecting the cap 
containing the distilled water with the native wire IT; 
in a sliort time the alkaline cosBtiturait of the salt irill have 
become tainaferted to the distilled water at the negative 
electrode ir, the ac^ conatifcnBat remaining at the poBitive 
electrode s. 

Beverae tbe connectiona irith the apparatus hj placing 
the distilled water m ccmneotum with the poaiHre eleotrode 
F, and the disBolved salt in conneotion with the native 
electrode it, then the acid will be found to travel and 
become transferred to tho positive electrode P, leaving the 
alkali behind at N- In either case the salt is decomposed. 
Exp. 22. Place three glass cups, acb, fig. 65, near each 
other, and connect them by fibres 
of moistened cotton, as a c and c i. 
Let a solution of some neutral salt, 
sulphate of potassa for example, be 
poured into the centre cup c, and a 
delicate infusion of blue cabbage 
leaves in tbe cupa a, h; complete the circuit as before 
through the wires p s. In a short time the salt will decom- 
pose, its sulphuric acid constituent will have passed into 
the positive cup p, turning the blue infusion in it red ; 
whilst the alkaline or potassa constituent will have become 
tramferred to the uegatire cap K, taming tbe blue infusbn 
green. 

160. It is to ba obBorredi'tiiat in all these ei^enments 
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the constitaents of the salts appear to have travelled through 
the moistened fibres connecting the veasela ; and their par- 
ticles seem, as in £xp. 20, to have passed in opposite 
directions either through or cloae to each other,, without 
my combining affimty. So powerful is the i^paratus in 
promoting this spetiea of transfer and deeompOBiticm, thal^ 
in many instances, elements become tranafbrred through 
bodies witii which, undei ordinary cironmBtanoes, they fawe 
the greateafi diaposition to combing without undergoing the 
least (^ngs. Thus, by an arrangement similar to fig. 6S, 
sulphuric a«iid in cup b may be transferred through a solu- 
tion of ammonia in cup c to collect in cup a, without at all 
a&cting the ammonia, or undergoing any change. In the 
«ame way, acids may be transmitted through delicate vege- 
itable infusions without affecting them ; alkalies, also : hence, 
supposing the theory of the transference to be admitted, 
there is evidently a total annihilation of the force called 
■elective attraction, or chemical affinity (139) between the 
-given substances wliilsfc under the influence of the voltaic 
■apparatus, "Whether any more available theory of a series 
«f ■ decompositions and recompositiona, similai- to that of 
<3Totthu8 (149), may be applied in explanation of these moat 
-astonishing phenomena, we have yet to leam. 

161. In reviewing the history and effects of the voltaic 
apparatus, three speculative questions of great moment 
■ .present themselves : first, the theory of the action of the 
pile; second, electro-chemical decomposition; third, the 
•question of the identity of electrical and chemical force. 

"We have already considarad the theory of the action of 
ithe pile (Ml) to some extent, and it hence only remains to 
.ixeat more fully the questions of electro-chemical decompo- 
«iti(m, and the identity of electrical and chemical force. 

182. Davy having shown in his preliminary experiments, 
-from 1800 to 1803 (37), that inflammable bodies, alkalies 
■and metals, were always found on the native side of 
the apparatus, and oxygen and acids on the positive side, 

B 2 
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concluded, that this resull; depended on a peculiar electrical 
condition inlierent in different Bubstauces, by wbicH they 
are rendered either what he terms electro-pos/iiDe or electro- 
negative. Thus acida are electrically negative in respect of 
alkalies. Zinc, as already observed (16), ia electrically 
positive in respect of copper, and so of various other aub- 
Btimces. He found, for example, by experiments similar to 
those originaUy instituted by Yolta (14), that an add and 
a metal aftev contact were in opposite electrical states, — 
the ncid hecame negative, and the metal poBitire, con- 
Tersely ; tahiog an alkali and a metal, aftei contact, these 
states became reversed: the alkali here became positive, 
and the metal negative; hence be inferred that positive 
electricity has a tendency to pass from adds to metala, and 
from metala to alkalies ; vbilst negative dectridty toads to 
flow from alkalies towards metals, and from metals towards 
acida. Davy, therefore, regarded various substances as 
naturally cndoived witb specific electrical energies or capa- 
cities, ft notion entertained by otber pbiloaophera (10) 
cuf^agL'd in this hraiicli of science. A. variety of experimenta 
led liim further to conclude, that iu all caijcs in which 
substances combine chemically they have contrary electrical 
energies ; and that hence, according to the laws of common, 
electricity, such substances are attractive of each other ; • the 
compositions and decompositions therefore produced by the 
voltdo apparatus depend really on the common laws of 
ordinary electrical attractions and repulsions, as above 
illustrated (149), fig. 62 in the theory of Qrotthus ; and that 
hence what had been hitherto called chemical attraction, 
affinity, or elective attraction (139), was really no other 
than common electrical force exerted between the partides 
of bodies instead of masses, aa usually- observed. 

163. AlthoQgh this theory was not at the time favoured 
with the entire con&dence of scientific chemists, from a d^- 
taeasj of all the experimental evidence which a perfect 

* Badimentary Electricity, (16). p. 13. 
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theory demands, it was, nfiverthelesB, a theory vliiclt lad to 

the grand result of the decomposition of the alkalies (153), 
and which finally obtained for Davy the annual prize 
established by Napoleon I. for the best experiments in 
voltaic eleetrieity. Aeeording to this theory of cleetro- 
chemical decompoeition, the attractive and repellent ener- 
gies are communicated from particle to particle through 
Bubstancea placed in the voltaic circuit (39), fig. 18 ; the 
consequence is an ejection of the constituent elements 
of the substance at each pole of the battery, the poles 
of the aeries Laving a greater force of electrical attraction 
for these constituent elements than they have for each 
other : that, in fact, electro-positive bodies (162) are 
attracted by the negative extremity of the voltaic pile, and 
fuelled by the poutive; and, converaely, electro-negative 
HubstffliceB are attracted by the positive extremity of the 
pile and repelled by the negative extremity, — a view of 
electro-chemical aetioii virtoally inoladed in the theory of 
Grotthns (160), fig. 63. According to tlds theory, also, the 
hetUi and light resulting from intense chemical action ia 
nothing more than the restoration of the electrical eQuiU-r 
briuffl, and is analogous to the production of the electrical 
spark between bodies charged with opposite electricitieB ; a 
view afterwards recognised by the celebrated Berzeliua, who 
adopted the identity of electrical and chemical forces as the 
basis of his chemistry. 

IGi. We owe to the recent and maaterlj' investigation 
of Faraday, as already ob8e^^■ed (38), a more complete 
elucidation of the phenomena of the pile, and the nature 
of electro-chemical decomposition, than ia to be found in 
the theory propounded by Davy. Having first identified 
the several various forma of electrical action, and proved 
them to he all emanations from one and the same general 
principle, he proves that electro-cbemical decomposition is 
the resnlt of cturent force operafave within the dectrolytical 
substance itself, and by which its conatitnent elements ore 
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ejected, as it were, at the electrodes or poleB of roltaio' 

series ; that the hypothesis of attraction aod repulsiOQ in 
the poles or extremities of the apparatus is untenable, th& 
force iirtecting the decomposition of any substance being 
within thii body itself. AVlieu the voltaic circuit is com- 
plete through an dcetrolyto (41) (42), an electrical current- 
is immediafely established betwetin the electrodes of the 
battery. Tbia current is to he considered in the light of 
progressive force (23), and constitutes an axis of power 
liaving equal fprcea in every point in opposite directions. 
The elements of the given substance move in obedience to 
the respective determining directions of this current power, 
the anioTts in one direction and the catkions in another (41). 
It was upon this ground, as before stated (38), he was led 
to reject the term pole as accepted by Davy and other 
philosopfaera, and to Bubatitate the teim electrode in the 
general uomeauilataie already given (42) Table III. Nov, 
the eleetro-cbemical power of this cnirent force u iliown by 
Jaraday to be exactly equal to' the quantity df paasingf 
electricity evolved in the chemic^ action of the jole (51% 
wbich general proposition he more tdSy ehuadatee by 
means of the Yoltameter (98). He fiirtber shows that 
the electro-chemical action is definite or of determinate 
amount ; and so definite as to enable us to obtain numbers 
for every constituent element of a compound which may b© 
taken as " electro -chemical equivalents," But what is to be 
more especially observed in this case is, that these electro- 
chemical equivalents, as thus deduced, are really the atomic 
freights of Dalton (140), the two are identical as chemical 
measures. 

These electro-chemical equivalent numbers, then, repre- 
sent the proportions in which "cn/ons" 0T"cathion»" are 
evolved during electrolytic action (41), and, consequently, 
their combining proportions, and they are t^ways consistent 
with each othm. Thus the number 8 will repreaait and be 
foaud to be trae as the ekotro-chemical eqniralent for 



ELECIBO-CHEHIOAI. TUEOBT Or FAEAUaT. 151 



oxygen, whether separated from hjdrogon in the caae of the 
decomposition of water, or from tin or lead.* 

165. Combining the theory of electro-chemicnl decompo- 
sition with the chemical theory of the pile, Faraday infers, 
as already observed (45), the production of the electrical 
current by the oxidation of the zinc, which current, in 
passing through an electrolyte (30), fig. IS, liberates its 
constituent elements, and ejects them at the opposite 
electrodes, so that the forces at the points of decomposi- 
tion or recomposition are of the same kind, being opposed 
to each other through the rheophoric circuit, that is, 
through the wires and other matter conducting the cur- 
rent between the extremities of the apparatus ; so far may 
this circuit be considered aa really conducting chemical 
af&nity. The chemical power of the voltaic pile, there- 
fore, may be eipreased by the term chemical affinity. The 
great concluuon of this eminent chemist and philoaopher 
is ; that the eirawiite -af compormd Bubsfanees are muted or 
Iwld together lij a definite power^ nAidir maj c«iia to 
coEeteiBe this fanetnoot and asBiuae the fotm of an electrical 
cmrent; and thus he goea 'fiir in'estabHahing^e identil^ 
of eleetrieal a&d chemical action, whicfa up to a late penod 
remfuned sn iiQBdvedpmblam. 

* Faradttf'B Exp'oei., p. S36. 
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CHAPTEE VI. 

HBATISe EFFECTS OF THE PILK. 

Kotieea of some of the more powerfn] and brilliant results of the calorific 
Bsem^of theidle — Heating power dependent on tiie size of the pUtea 
— BxperimoDtal QIiiBttatimis— Lam of the oftlariGa action of the 
hett^, and ite ofiecte on metalHo vitea — Heating effect dependent 
on the quantity of electtid^ tnnamitted in a given time — Belation 
of conducting power to tiie temperature and mass of the metet — 
Conducting power of different metali for tiie Toltaio discharge ; also 
for the ordinary electrical diachai^e — Resnlts of experiments by Pro- 
fessor Bieas, examined. 

166. The agency of the Toltaic pile, aa a source of intense 
beat, is not n little remarkable and aatoniahing. The most 
■refractory metale, when eipoaed to its operation, are ignited 
and fiued ; if beaten out into thin leaves, they bum with 
great brilliancy ; Trhen drawn into fine v/ixes and placed in 
the eirotiit^ they glow frith a vivid wMte heat, or ran into 
balls by fusion. They are not, however, disparaed, as in the 
case of fusion in a similar my, by the ordinary electrical 
discharge. The first powerful effects of this kind were pro- 
duced by the large battery constructed by Mr. Children 
in 1809, consisting of twenty double plates, 4 feet by 
2, exposed in a cellular trough to the action of diluted 
acids (71). "When a platina wire, of -j'^th of an inch 
in diameter, aud 18 inches in length, was exposed to the 
notion of tliia battery between bars of copper connecting its 
poles, it first became red-hot, then white-hot, until at length 
tiie light was insupportable to the eye. In a few seconds 
after tliie, the metal, unable longer to resist complete fusion, 
fell into small globules. Hany metals, on exposure to the 
same ordeal, not oidy fused instantly, bat Tanished in vapoTir. 
With the battery of tbe "Royal Institatbn (70) Davy 
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obtained sunilar results; when two pdnted pieces of well 
burned charcoal, in connection with the poles of the battery, 

were brought nearly into contact, more than half the volume 
of the charcoal became ignited to whiteneas, whilst on with- 
drawing them gradually from each other, a broad ascending 
brilliant arc of light followed of dazzling splendour ; the 
form of tliia arc was that of two cones united at their bases ; 
any substance introduced into it became instantly ignited. 
Piatina, so difficult of fusion by ordinary heat, exposed 
to this voltaic flame melted as readily in it as wai in the 
flame of a common candle. Quartz, sapphire, magnesia, 
and lime all underwent fusion — fragments of diamond, 
charcoal and plumbago disappeared.* At a more recent 
period, Profeasor Daniell, mth seventy cells of the con- 
stant batteiy (75), aucceeded in fusing rhodium, iridium, 
and titOQum, and other refractory metals. On repeating^ 
Davy's experiments with the pointed charcoal conductOEfl, 
an arc of voltaic flame arose of such volume and intennty 
as to endanger the eyes of the spectators, although 
guarded by thick grey glasses. The Professor's fiice was 
sootehed as if exposed to the buming effect of a hot 
meridian sun. When eoUeotei into the focus of a mirror, 
the rays emitted a heatmg power so great as to bum a hole 
through paper at a distauoe of some feet. 

167. The power of the voltaic apparatus, as a source of 
heat, is much increased by masEong together Vlte plates of 
the aeaea, so as to obtain as great an extent of metallio 
Buxfaoe OS possible under a few plates of large size. We 
owe this fact to the fine expraiments of the celebrated 
S'rench chemists Messrs. Tbj&aaxA, Fourcroyjand Yauquelin. 
They found in the course of their investigationB on the 
combustion of metals by the voltaic pile, that a battery of 
small plates, which did not evince any great heating power, 
readily burned metallio leaves when converted into a battery 
of a few plates having the same extent of metallic surlace : 
* Davy's Elements of Otendcal IKiloBopliy. 

n 3 
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neitiiertlie fioceof theshoefc nor&eelectro-dranicBl energy, 
liewerrer, were ai all incEeased. bj aogmeiitbg the nise of ti^ 
battoT" ptatea; these efieots appeared to de^exii for tha 
nKwt part - on the immber of repetitions or altematicma of 

tlie Bories. 

1(58. The great battery conatracted by Mr. Children (71), 
altbough it evinced such astoundiDg caloriSc power, had 
little or no effecb on the living animal body, or in decompos- 
ing water, nor did it sensibly affecb a gold leaf electrometer. 
Mr. Singer has supposed this remarkable circumstance to 
depend on an electrical action analogous to that obserrable 
in a Leyden battery, made up of jars of unequal dimensions- 
If such a battery be chai^d up to a given intensity, as 
indicated by the electrometer (114), then under this intenBity 
each jar will contain very unequal quantities of electricity ; 
the larger jars would have accumiilated a much greater 
quantity than the small jars, and if selected and discharged 
together, would ignite a much greater length of fine wire 
than the smaller jars treated in a similar way ; yet the shock 
Irom either of them would be pretty nearly the same. It 
is then the la^ qtMotity of eleetridty acoumnlated by the 
large plates vbicti is really the sonree of tbe heating power^ 
whilst the inta:t»ty- of a smaller goanlaty of electndt^ 
accumulated by the smallnr plates, is the Bource <£ th» 
shodc; this yiew of the source of the heatang power of 
the pUe, attboagb in some degree imperfect, is still wcsthy 
of consideration : for however great we may suppose the 
comparative quantity of electricity discharged from voltaic 
batteries of an equal number of plates of unequal dimen- 
sions, it is clear that when operating upon a substance of 
comparatively low conducting power, and which can onli/ 
transmit a certain guantity, the battery of email plates 
would bo as efiGcient for its decomposition as one of an 
equal number of large plates. "When operating however 
upon metalHo bodies of high etmdoctiDg pow«> which am 
transmit the acconudatioo, Haa the large quantify of 
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electricitj is manifest by the lieatang e&cte, as Trfll be 
presently seen (173). 

169. The following may be taken as beautiful iUustratlona 
of the calorific powers of the voltaic apparatus. 

Exp. 23. — Suspend a sheet of gold or ailver-leaf, m (fig. 66), 
or a thin leaf of any other metal, to 
a stout wire, p, conuected witli the 
positive extremity of the battery, 
and immediately under it place a 
bright metalHc plate, j, connected 
with the negative conductor ir. 
Bring the leaf m gradually in con- 
tact with the plate q, either by 
raising the plate towards it through 
the insulating support r, or by de- 
pressing tbe wire p by an insulating rod ; directly the leaf 
toach^i the plate, it begins to bum and Bciutillate with great 
brillianffr- Oold leaf bania witii a vivid white li^t^ tinged 
mth blue ; Bilrer with a beautifiil light of emerald greeOt 
Copper bams with a white light tinted bine, and emite. red 
sparks. Lead emits a pur^e ligb'^ and sdno emits sa efiol- 
gently white light of a blue cast, 

■ Exp. 24. — Connect a piece office watch-spring pendulum 
jrire with the podtire wiie fig. 66, and bring the free end 
of it in contact with a sitallow plate of mercury, g, con- 
nected with tiie negatiTe wire y. We may then observe 
a brilliantly vivid combustion both of the mercury and the 
wire. 

Exp. 25. — Strain a fine iron wire of about 10 inches in 
length between two brass balls, supported on insulators of 
glass, in the way represented, mn, fig. 68 (177). Complete 
the circuit by connecting the balla with the opposite extre- 
mities, p X, of the batterj'. The wire — if the battery be 
powerful — will soon become red, then white, hot, and will 
evento^y fuse into smaU balls. A fine wire of pla&nmij 
treated in this way, may be retained St a.white heat fbr 9 
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eonndemble time. If about 10 mcheB of platmnin Tijxe, of 
l-50th of an iucli in diameter, be thus strained between 

two metallic rods connecting the opposite electrodes of 
twenty cells of a Daniell'a Battery (75), it will soon become 
white hot, and will continue to glow ao ]ong as the battery 
coutinuea to act. 

Esp. 20. — Pass a wire of platinmii, of about l-40tli of 
an inch in diameter, through a small quantitj' of water or 
ether, contained in a glass cup, and connect it with the 
opposite poles of the apparatus as before ; in a short time 
the water may be caused to boil, and the ether driven into 
Taponr. 

170. Tbe beating and ignition of uietals by the voltaic 
apparatus may, as already observed (S3), be effectually 
employed as a means of estimating the power of a given 
battery, and the force of the electrical current. We mnet, 
however, in the application of this principle, take into con- 
sideration certun circamstaoces liable to affect the lesulto 
of onr inquiries, and lead to inaccurate conclusions. Fam- 
day, in bis researches into the beating efiects of the 
current, observes, "A fine 'wire may be used as a rough 
but ready regulator of a voltaic current; for, if it be 
made i)art of the circuit, and the larger wires commu- 
nicating with it be shifted nearer to or further apart^ 
50 as to keep it sensibly at the same temperature, the cui> 
rent passing through it ivill be nearly uniform." We may 
so far infer that the indicntcd boat in the wire is a measure 
of the quantity of current electri(.'it_\' passing through it. 
The diameter of the wire heated will depend on the dimen- 
sions of tlie plates of the battery (1(57). The length of it 
will be proportionate to tho number of the series. From 
some valuable experiments by Walker, it is shown, that 
if the mean heating power of one battery be such as to 
heat g inches of a given metallic wire, then the heating 
power of any number of equal batteries united would heat 
n times s inches. Thus, if one battery could heat 6 inchea 
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of platinum wire of a gjven diameter to o. certain point 
of incandescence, then ten sach batteries united could heat 
ten times 5 inches, or 50 inches, to the same degree of 
incandescence. 

171. "We have ubeady described (8-4), (91), (92), several 
instruments by which certain, comparative elavations of tem- 
perature in metallic wires, subjected to the volfcaic current, 
may be measured. Of these, the thenuo-electrometer (86), 
will be found perhaps the most available, especially for small 
degrees of heat. The author, in a paper which was honored 
by a place in tlie Transactions of the Eoyal Society of Edin- 
burgh for the year 1831, further investigated, by means of 
this instrument, the heating efiecta of voltaic electricity on 
metal wires, and other important lawa of voltaic action, to 
vhich Sir H. Dary,' in Ms valuable researches lelatire to 
tempeiature and conducting power, had already, in the year 
1821, called attention.* The following are amongst the 
results of these inquiries : 

172. Two plates, a. b, fig. 67, one of zbc, the other of cop- 
per, 7 inches .high by 6 
inches wid^' and about ^'S- 
l-lOth of an inch in thick- 
ness, were placed in a glass 
cell, I and connected by 
stout copper wires with the 
thermo-electroraeter e, hav- 
ing a copper wire through 
the ballofi-lOOthofanineh 
in diameter, as shown in the 
figure. The plates were 
equally divided by horizon- 
tal lines, and could be placed 
at measured distances from 
each other, so that when a 
dilute add was poured into the cell, the heating effect of the 

* P]iil. Triina, for 1821. Pai-t ii. p. i25. 
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Tottaic force as depeading on the quantity of metal immereedf 
or the diBtance of the pktes, could be accurately observed. 
The dilute acid consisted of nitric and sulphuric acid, in eijnal 
parts, with forty-eight of water. The result of this expe- 
riment was, that the thermo- electrometer, E, gave indi- 
cations of voltaic force, as the (juantlty of metal immersed 
directly, and as the distance between the plates inversely. 
When a second plate of copper was opposed to the other 
surface of the zinc plate, and the two copper plates united 
by a metallic band, as in Wollaston'a arrangement (72), the 
effect on the tbermo-electrometer, e, was very considerably 
increased ; it was generally doubled. "When additional copper 
plates, external to those, vere added, a stiU further increaa» 
of power was obtained. Indeed, it appeared as if the new 
force Intingfat into operation by the snccessiTely added copper 
plates was only limited by the respectiTe distaaices from the 
zinc plate at which they were necessarily placed. 

173. The simple law just stated (172), was ^parent with 
the given wire in the baU under any amount of Tcdtaic ^dta- 
iion of the two plates. When, however, as ezfaremdy fine 
wire, either of the same metal, or of a metal of m in&iior 
conducting power, irns employed in the ball of the inBtru- 
ment, then the law waa no longer in every case apparent i 
the indicated force witli a wire of about ^Juth of an 
inch in diameter, no longer corresponded exactly with 
the increased power. This, on further examination, was 
found, as had been prei'iously announced by Davy,* to 
depend on aomo peculiar condition of the wire, by which it 
was rendered incapable of transmitting a high current force. 
It was further observable, that when the voltaic power was 
small, then the Jtne vdre was most heated, but when more 
considerable, then the larger wire became the most heated, 
evidently depending on the circumstance of the amaller 
wire not being capable of transmitting all the excited elec- 
tricity. In confirmation of this, it was found that wi& 

* Audimcnlarj Electricit; (137), p. 163. 
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^heaaelf fine wires of lew caactncHng power, the indicated 
force of three (^Imdricsl batteries conjoined, each exposiDg a 
square foot of zinc, with double copper (73), was no greater 
tban with a eingle battery ; whilst with larger wires in the 
ball, of high conducting power, the results were conatautly 
proportionate to the increased power. 

174. As the diminishing proportionate effect with an 
increased power when a very fine wu-e is cmpioved in the 
ther mo-electrometer i;, lig. 67, evidently depends on its 
inadcf[uacy to transmit a certain quantity of electricity in a 
given time ; it seems reasonable to infer, that imperfect 
conducting fluids, or eitensive lengths of very fine wire, 
may approach an insulating effect for this species of elec- 
tricity, and snch is really the case : little or no heating 
effect was apparent when a long spiral of fine wire covered 
with silk was introduced into the circuit, and none whatever 
when a portion of the circuit conaisted of watez contained 
inataheofglasB. 

This xesnlt is in comi^ete accoidazice with the reaults of 
Dafj'a previous TeseaxcfaeB in 1821, who ol»»veB) that " !In 
a batter;' where the cpia&ti^ of electrioityia gxeab and the 
intensity low, charcoal made to touch only in a few ptHnts 
is almost as much an insulating body as water, and casnofc 
be ignited, nor can wires of platinum of less than ^th of 
an inch in diameter, and three feet in length. A foot of 
platinum wire is scarcely heated by sucli a battery, whilst 
an eipial wire of silver becomes red hot, and the same 
length of thicker platinum wire becomes intensely heated." 

175. Sluch care ia requisite in speculating on these 
iiittresting phenomena, which appear to be intimately asso- 
ciated with t}ie occult causes of beat and electricity. We 
may however iairly conclude, from these experimenta, that 
the heat excited in any substance by the voltaic battery 
will materially, if not altogether, depend on the quantity of 
cQectticity wli^ passes throui^ it is a given tim^ that is 
to say, upon the velocity of the current. Time is certMnly 
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aa eUment to be tekem. into calculation in oui investigation 
of these ctuiooa e^cts. The author endearooted to find, 
hj a variet;' (^-experiments, whether, by increasing the 
dimenaionB of the vires in tbe ball of the instnunrat, any 
ratio greater ihui that of the rainple ratio of the iucreaaed 
power could be obtained, but without any new result. Now 
it IB worthy of remark, that in the parallel case of electrical 
discharge from the Leyden battery, the heating effect, as 
indicated by the thermo- electro meter, is as the second power 
or square of the quantity of passing electricity,* The 
difference in theae two kinds of electrical discbarge may be 
conceived to arise out of the peculiar character of what we 
may term eleotricttrjr of high teoaion. In the ease of the 
ordinary electrical discharge, the impulsive action is such as 
to break through all resistance, and cause a finite accumula- 
tion to pass through the wire in times inveraely proportional 
to the quantity of electricity accumulated. Thus, a double 
quantity of electricity accumulated on coated glass, and 
discharged through a metallic wire of given dimensions, 
may be conceived to pass through the drcuit in one-half 
the time of a unit of quantity accnmnUted and diacba^ed 
under similar <»n:nmstances. Three times tbe quantity 
accumulated may be conceived to pass in <me-tiiird tbe time, 
and so on. If, therefiire, the heating effect varies with tbe 
quantity directly, and with the time inversely, we should 
have necessarily a lesolting compound effect ; and hence, 
the heating power would in this case appeiu* to be as the 
square of the accnmulation, that is, as the square of the 
increased power; and this, as we have shown in our 
" Itudimentary Electritsty," is altogether independent of the 
electrometer indications termed intensity (114) (115). Now, 
in the voltaic discharge we may conceive the time to remain 
constant for all degi'ees of power ; that is to say, we may 
imagine a small current force as to quantity to traverse a 
given circuit in the same time as a strong corrent force, tbe 
• Pia. IraM. for 1821. Part ii, p. 425. 
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resistance to a small force being less in proportion. The 
beating effect in tbis case will vary v<it\\ the quantity, that 
is to any, it will be only in tlie simple ratio of the increased 
power. It was further observed, in employing great lengths 
of circuit, that witli tbe same voltaic battery the indicated 
effect on the instrument was inversely proportional to the 
length of the circuit. The same law obtains with ordinary 
electrical discharges upon extensive circuits varying from 
300 to 900 feet.* 

176. These experiments, together with the previous experi- 
ments by Sir H. Davy, evidently go far in determining the 
limit of the quanfitiy of voltaic electricity 'nhich met^lic wires 
can transtnit voder certain circamstances, and vhicli being 
ao for determined, enables as to arriTe experimentally at the 
difierent degrees of conducting power, eitiier of the same or 
different metals, and to investigate other relations of this 
power to magnetism and heat. As already remarked (89), 
the indications of the thermo-electrometer may be always 
taken as a measure of the variations of conducting energy, 
or of the force of a voltaic combination, so long as we employ 
a thermometer wire in the ball of the instrument of such 
dimensions as will give indications proportionate to the 
increased power. Thus, if tbe degrees of ele\ ation of the 
fluid correspond with the increased qiiantities of metal in 
operation, or nearly so, supposing the voltaic combination 
to be a single pair of plates (136), fig. 67, we may fairly 
presume that the instrument will indicate a variation of 
force upon the whole any how produced. 

With a view of investigating the effect of heat on the 
conducting power of metals, as also the relation of conduct- 
ing power to the mass of metal employed, and the relative 
conducting power of tbe varioos metals for roltaio elecferioily, 
tbe following experiments were resorted to : 

177. Selation of conducting power to temperadtre. A 
email copper wire, m n, fig. 68, about six inches in length, 

• Trana. B. Society for 18S4, p. 228. 
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and about the l-80tlt of an inch in diameter, being placed 
on insnlattng glaasrods, am, in, was introduced into the 
p. circuit, p m, ni,o s, of which 

circuit the therm o-electro- 
meter e formed & part : the 
metallic conncctiona with the 
hattery, m p, n t, and o n 
being stout copper wires, and 
the contacts made very com^ 
plete. The voltaic battery 
consisted of about two sqnan 
feet of zinc, with doable cop- 
per as a cylindiical battery (73). On transmitting the current 
tbroogb » n, the index fluid of the thermo-eleetromet^ x 
attained a giren altitude. The flame of a vjnrit lamp mm 
now iq>plied to the wire « », bo as to heat it. The eff^ 
was BO to retard the discharge as to cause the fluid to descend 
Along the Bcale s, thus evincing a diminished efibct on the 
wire in the ball ; when, on the contrary, the wire «t * 
-was cooled down by ice, or the evaporation of water or ether 
from its surface, then the contrary results ensued. The 
thermo-electrometer showed au increasing power, and the 
fluid ro3G to a much greater height, thus confirming the 
general result arrived at by Sir H. Citv, that " the coii- 
diicting power of metals varies wil/t Ihe temperature, and is 
lower in stnne inverse ratio as the temperature is higher." * 

178. It does not much matter in this case how the heat in 
the metal is excited. The same result ensued in heating the 
wire OT n by the voltaic discharge of a second battery. Thia 
was very pleasingly shown by means of a second tlieniio> 
electrometer, the wire of which was substituted for the wire 
m n, exposed to the current force of both batteries, whidi 
by one particular arrangement of the connecting wire* 
tould be eaailj managed. In this case, the two instrumeata 
^^eoced to vibrate as a sort of delicately poised balance, the 

• PhiL Tranfc of the R. S. for 1821, p. 431. 
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Blightert change in the one beings accozDpaniedbjfuioppoaite 

and correspondiDg change in the other. 

179. SeJaticm of conductinij poicer io the quantity of 
metal. In this investigation, the given metcl, the subject 
of experiment, was drawn into a wire of a given diame- 
ter, and being paased tbrongh a cell of water, was placed ■ 
in the position of the wire m «, as in the last fig, 68, ao 
that its temperature might not change whilst transmit^ 
ting the current. When wires of three different metala, 
copper, platinum, and lead, whose diameters varied from the 
'01 to the '025th of an inch, were placed in the circuity 
the indications of the tihenno-dectrometer B wwe as in the- 
following table . — 

TABLB rv. 



No. oFwlra and nUo of 



Uebib and indicated Uienito- 



0-25 



180. It may be seen by a reference to this table, that the 
smallest copper wire No, 4, as compared with the largest 
copper wire No. 1, indicated a degree of conducting power 
for voltaic electricity in the simple ratio of its diameter, 
that is, aa 1 : 4. The same is observable in copper wires 
No. 2 and 3 : here the indications of the instrument were 
as 2 : 3. The conducting powers however of copper wires 
No. 1 and 2 appear, from the quantity of electricity trans- 
mitted, to be nearly alike ; so that the differences of the 
amount of metal is not in this case apparent. 

181. On comparing the relative thermometer degrees of the- 
le&B perfeob conductors, viz., platinum and lead, we see that 
Sea tiw wea 1, 2^ and 8, the conducting power ia aactly 
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as tbeix diametera, or very iLeaily bo. "With tlie smaller 
wires hoverer of these metals, platinum and lead, No. 4, 
tbe transmitting power became so small for the quantity of 
electricity in action, as not to admit of any accurate deduc- 
tion from them. The lead wires No. 1 and 4 are nearly 
in the inverse ratio of the square of their diameter. 

182. The general conclusions arriTed at by au extensive 
series of experiments of this kind were, Ist. That for certain 
given small forces, each metal is an equally efficient con- 
ductor; 2nd. That the differences in conducting power 
of the various metals for volt^c electricity become more 
and more apparent up to a certain limit, as the force of the 
battery increases; but the exact proportions in which these 
difierenceB inoreose with the increased power were not fully 
determined. 

183. SeHative conducting power of various metali for 
voltaie eUctrieify, In this branch of roltaic investagation, 
ire hare to take into account the laws of action appa- 
rent in the previons ezperiments, and which are possibly 
the source oS the di&rences in the order of the metals aa 
conductors of ToUaie eteotriotty arrived at by various phi- 
losophers, whose valuable researches have so greatly enriched 
this branch of science.* The order of succession of a 
number of different metals as conductors of voltaic elec- 
tricity, treated as before (179) — that is to say, when substi- 
tuted for each other BuccessiTely in the circuit m n, fig. (18, 
and by other artaogemeQtB,t (177)— appeared to be aa fol- 
lows : — 

TABLE V. 



Order of Buecesii'oii of the Conduding Povier of varloui rnefaln. 



1 


2 


3 


i 


5 I 6 


7 


8 


g 


10 


11 


Silver 


Coppor 


Zinc 


Sold 


Tin 




Pkti- 






FLmer- 


Kb- 



• Beoqnerel, Twitfide TElartridti, vol m. p. 74. 
t Antimoiir and bUmnth were mat into nutll bus, uid eompsKd with 
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184. This order, with the exception of tin, is nearly the same, 
forthegreuterpart of these metals, as that determined by the 
author for the ordinary electrical discharge in the year 1826, 
and is, iptith few exceptions, upon the whole generally accor- 
dant with the results of other experimentalists. The order 
of conducting powC9» above given tras obtained from wires of 
about l-50th of an inch in diameter, and about 6 inches in 
length, and were all placedin a cooling Suid medium, so as to 
presen'o them at a constant temperature. The battery em- 
ployed was such as already stated (177), viz., a cylindrical 
batteiy, exposing about two square feet of zinc, with double 
copper, and esiHted by dilate nitric and sulphuric acids, in 
the proportion of 1 combined acids, in equal parts, to 50 
■wntcr. Davy, in his experiments in 1821, found the con- 
duciint; power of tin between that of gold and iron ; the 
iDaiiy dlaturbaiiL-es, however, liable to arise in this class of 
experiment, owing to the variable conditions of difiereiit 
arnuigenientg, as regards voltiiie force, the transmission 
of the currejib by the given metal, &c., will ah\'aya interfere 
■with a determinate result. Upon the whole, the results in 
Table V, are not far different from those of Sir H. Davy, 

185. In these experiments the several metals were placed 
outside tlie tlienno-electrometer, a method subsequently 
followed by Professor Eiess iu bis researches, printed in 
the Annoles de Chimie, for 1838. Taking, however, the 
comparative temperatures of the several metals under the 
operation of a given voltaic dischai^e, as being inversely 
proporiitoial to their relative conducting powers; then, as in 
the author's experiment in 1826, we may investigate the 
relative coudacting powers of several metals, by drawing 
them into wires and placing them inside the hall of the 
instrument. In this case, however, it will be requisite to 
employ wires of sufficient dimensions to transmit fireely the 
current force of the battery, otlierwise, aa already observed 

oopper .13 a staud^ril similatly tro^tfii.1 : fluid mercuiy was treated in a 
fiimiliir way, Ly a groove in varuislied woo J. 
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(173), tbo beet conductor intiy,nnder some ciEcnmstaiieea, 

appear to be the most heated. 

186. The great variation liable to arise in the treatment 

of metallic wirea in this way by the voltaic discharge does 

not allow, as just observed, of any very definite general 
determination as to the precise degree of conducting power 

of the several metals, or enable us to say, Aow much the 
-conducting power of one metal exceeds that of another. 
!We can only arrive at such a deduction, relatiTely ; that is 
Trith regard to the current force to which the given metal is 
•exposed. Much on the same principle ss in deducing the 
ord«r of aufleesmon of tbo eleoteMnotire fisrce of TBiioua 
wbatanees (82), we have to take into tlie account the pax- 
ticular enatuig fluid employed. In dealing, however with 
the ordinary electrical dischai^ &om the Lej^n hattezj, 
we may approximate very closely to a precnse measure of 
tiie lelatire conducting power of vaiious metals. Thus the 
author has shown experimentally (Phil. Trans, for 1826), 
that taking the conducting power of eilver or copper aa 
unity, then the conducting power of copper to iron, would 
be as 5 : 1, that is to say, copper would have five timea the 
conducting power of iron ; and would, under the same 
degree of heat excited in it, transmit five timea the quantity 
of electricity. Similarly, the relative conducting powers of 
copper and gold are as 3 : 2, of copper and lead as 12 ; 1, 
and 80 on. These results are not -without great claims to 
confidence, corresponding as they do generally with the early 
deductions of many celebrated experimentalists. Dr. Priestly 
observes, that an electrical explosion, which only melts a 
copper wire of a given diameter, would quite dissipate an 
iron wire of twice that diameter. The order of the fusi- 
bility of metals by the Leyden battery as deduced by Yan. 
If&rum, was lead and tin, iron, gold, copper or silver, 
which is premsely the same order of the heating effect as 
deduced in my paper in the FhiL Transactions for 1826. 
Taking the conducting power of lead as unity, the order of 
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sacceBsion and relative conducting powers of the following 
metala, supposing the whole of a given accumulatioii, in a 
Leyden batteiy to-be forced through, them, ere as in, the fol- 
lowing table : — 

TABLE VL 



UeUlfl . . . 


Lead 


Tin 




Flfttnuun 




Gold| Slver or Copper 


Oondnotiiig FoTGi 


1 


2 


2-4 


2-i 


i 


8 j 12 



In the experiments of Tan Marura, which were pushed up 
to the point of fusion of the metals, the degrees of con- 
ducting power exhibited much greater differences, although 
the order of succession is the same, which may be attributed 
to the imperfect methods of expetiment in these early 
periods of quantitatiTe electrical measurement. 

187. The heating efibct of the same or diiferent quantities 
of electricity on metallic wires, momentarily diacharged 
ihrougli them, under the form of an ordinary accumulation 
ou coated glass, is, as already ol^erved (175), directly as the 
square of the quimtity of electricity, without regard to the 
intensity indicated by the common electrometer ; it is also as 
the square of the diameter of the wire inversely, that is, as the 
quantity of metallic matter iuverKely, so that the conducting 
power of a metal for ordinary electricity, varies with the 
area espoacci in cutting it through transveraely to its length, 
that is to say ^vitli the area of its section, since tHa will be 
proportionate to its solid contents. 

The resistance to the passing accumulation will increase 
with the length of metal traversed, a law which I found 
obtain tlirough a circuit of from one hundred up to one 
thousand feet,* 

18S. The explanation of these general laws of electrical 
action may be thus stated. Supposing a given quantity 
of electricity to fall on a single metaUic particle, and to 

• Phil. Thum. for 1884, p. 228. 
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experience :i 'fivcn vesidtiLocc; in its progress, tlien supposing 
a second similar particle to be placed by the side of this first 
partide, this resistance would become only half as great, 
since the charge would bo divided between the two particles, 
If two new particles be added, we may conceive the resistance 
to be still further reiJuced in the same proportion, and so 
on inversely as the number of added particles brought to 
share in the conduction. Kow, in the sections of wires, the 
areas exposed vill be as the squares of the diameters of the 
circles ; lience, in a wire of twice the diameter, we have four 
times the area, or number of metallic particles ; the com- 
paraUve resistnoce, therefore, in. aoch a trire ia only one 
fourth ; hence the heating efect, as found hj experiment, 
becomes reduced in the same inverse proportion. Similarly, 
hy increasing the length, we continually increase £he numbel 
of metallic particles, or resistances, to be successirely van- 
qnished by the same quantity of electricity taken in a right . 
line ; hence the resistance through twice the length of circuit 
will be twice aa great, — through thrice the length three 
times as great, and so on. If the quantity of electricity 
discharged be iucreased, we have a resistance proportionate 
also to the increaaed force of the accumulation. Thus, a 
particle of metal transmitting a double quantity of electri- 
city is subject to a double force, the tendency of the opposite 
electrical powers to unite, always increasing with the amount 
of the electrical disturbance, that is, with the charge of the 
battery. Such nre the results with the ordinary electrical 
discharge, although from the causes already explained (179), 
the inverse proportion of the square of the diameter of the 
wire is not always apparent in voltaic discbarge. 

189. Professor Eiess, of Berlin, as already observed (90), 
has objected to some of the results just stated (187). He 
thinks the heating power of the ordinary electrical discharge 
is dependent on the amount of coated glass upon which the 
eiectricify is accumulated, and boa throws the fitilure of the 
deduction of such a reEmlt£com experiment upon an asBumed 
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defect in the construction of mj instrument* Ifc is, however, 
extremely easy to discover in the memoirs of this cele- 
brated philosopher the source of Iiis miaapprelieusion. 
The question is an interesting and important one, and 
demands a brief notice here ; it is a question of a law of 
electrical action of great generality, yiz. : that the same 
quautity of electricity always produces the same .effect, 
-without any reference to its previous electrical indications. 

Thus I liaTe showii,t that the heating effect of the elec- 
trical diaeharge is entirely dependent on the guanti^ of 
electrical^ ditKshaiged. through it, without regard to the 
intensity erinced by the batteiy, or whether accumulated 
on thick glass or thin. -In accordance frith this deduction, 
and to wHch Professor Eiess objects, it is further shown by 
Faraday (Expl. Eesearcbes, 366 and 367), that "If the same 
absolute quantity of electricity pass through the galvano- 
meter needle (98), whatever may be its intensity, the 
deflecting force is the same," aud "that the chemical power, 
like the magnetic force, ia also in direct proportion to this 
absolute quantity of paaaing electricity ;" so far t!ie results 
of my experiments with the thermo-electronieter are quite 
in accordance with the deductions of one of the most distin- 
guished philosophers of this or any other country, A 
question here arises, aa to what ia meant by the term 
"intensity." "W^e have already discussed that question (113) 
as regards common electricity ; but whether we accumulate 
a given quantity of electricity on thick glass or thin, on a 
greater or less extent of coated glass, the whole of it at the 
instant of discharge concentrates in bulk upon the wire 
through which it is discliarged, and hence its heating effect 
is quite independent of any variable indication of an electro- 
meter pkced in conducting connection with the battery; 
and which, with, the same quantity accumulated, may, by 

* Ann. de OLimie for 18S3, tc^ Lux. p. Ill ; imd Foggendorff, Ancat 
der Pl^ lb. It. p. 432. 

t fraxa. of the Fljrmonth Inatitntion, p. 66, exp, 17 and 18. 
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varying the condiiionaor the cxporinicnt, indicate any inten- 
sity we please. These intensity iudicatious, aa they are 
tcrmod afibrd no information whatever as to any 

qualil'j of the electricity accumulated. In fact, they in no 
■way measure the absolute tension of tlie aeeumiJatioii at the 
instant of its concentration upon the wire ; they merely 
indicate what may be termed its freedom of electrical 
action, taken in terms of an attractive or repulsive force 
with relation to the snzfiwe over whidi the chai^ i& 
'expanded. Now, it joay be sliown, that thia intrauitjr indi- 
cation varies invcrady ivitli the square of the Burface, all 
other things being the same ; that is to say, if you dispose 
the same quantity of electricity on twice the ext^t of coated 
glass of the same tiudcnesa, tiie electrometer only evinces 
on&fouxtb the £)rce.* The expresaion representing the 
attractive force of the aoooinulation as regards the quantity of 
electricity and tiie soriace of coated glass upon which it is 

expanded will he, I = ^in which I =' intensity, or attractive 

force ; q = the quantity of electricity, Jiiid s — the extent of 
coated glass. Now, in discharging ilw, ^ivim accumulation 
through a metallic wire, we find that the heat escited in the 
wire Taries witli the square of the quantity of electricilyj all 
other things being unchanged, so we have the expression 
F = e', calling p— the heating power of the discharge on 
the wire. Professor Eioss, however, contends that tbo extent 
of Burface, or "number of bottles," upon which the electri- 
city ia collected, and by which the iittensiti/ is diminished, 
mast be considered ; and tlmt the licating effect is really 

E = — . But if the effect varied In any inverse ratio of the 

intensity, ib must be as p, because, as just stated, the in- 
tensity is as the square of the suriace, or "number of 
• PhU. TranB. for 1834, p. 223. 
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bottlra," inversety^ .bo we ahonld iave v %, trhich 

is evidently not the case, by Dr. Eiess'a own experiments. 

190. It is true, as Professor Riess observes, that tlie eil'ect 
on the wire will be leas as tlio number of bottles or jars of 
the battery are increased, the quantity of electricity being 
constant ; as I have myself fully explained in my paper in 
the Memoirs of the Plymouth Institution, printed in 1S30, 
now twenty-five years since. But this result in no way 
Spends on the electi'ical intensity ; it ia entirely dependent 
on the increased circuit or extent of metal traversed by the 
charge, in consequence of the increased number of charging 
rods, and other metallic connections necessarily attendant on 
an increase of the number of jars. The same result would 
ensue, if, in discliarging an electrical aconmulatiDn from a 
single jar, we first disobarged it through a ci&uit of 10 feet, 
and then thzough a circnit of 40 feet.* To make an exact 
comparative experiment, we should discharge the same 
quantity of electricity from single jars exposing unequal 
coated surfaces, the circuit being in each case alike.f Let, 
for example, a very largo jar be first coated up to an extent of 
2'5 square feet, and a given quantity of electricity accumuiafced 
and discharged from it, and be then coated up to 5 square 
feet, OP double the former surGice. Tbsa. let the same 
quantity of electricity he again collected and discharged 
from this double surface. Still, the effect upon the metallic 
wire will be the oamc, although the ijitensity will he only 
one-fourth in the case of tlie double surface. Dr. Ifiess is 
undoubtedly correct in his deduction relative to the number 
of jars, as I have myself shown, + but is evidenily in- 
correct in his interpretation of the experiment, and haa 
certainly no ground for assuming a defect in my instrument. 
In fact, the instrument gives the lesnlt, e = q', for tiie nume- 

• Mem. of riyin. Inst., exp. 17 and 18, p. 66. f IMd, p. 71. 
t Trans, of E. S. fur 188j, p. 220. Xrans. of ihe 'SfytuaaOi Instita- 
Jdon, p. 65 (21).. 
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rator of Dr. Riess's formula, mid, so far as tlio mere number 
of jars are concerned, would giro the result corresponding 
Ti'ith the denominator, if we put B = "the number of bottles," 
equal to c = circuit ; but this is by no means a new result : 
that the heating effect of the ordinary electrical discharge 
on a metallic wire is directly as the square of the quantity 
of the accumulation, and inversely as the length of the raiv 
ouit, has been repeatedly demonstrated in my several papers 
on this interesting qaestion. The reBulti, however, is not 
correct fiff the denominator, connSered aa intensi^, that is, 
sappoBing the coated Borface not increaaed by the addition of 
jars to the battery, aa in the experiments by Professor Bieaa, 
bnt by increasing the coating of the same jar, or by employing 
two or more jars of imegnd areas. Kow, why theinstniment 
should be tru% for the numerator of Dr. Bieas's formula, and 
false for his denominator, it may be difficult to explain, 
except upon the evident misapprehension of the nature of 
the question under consideration. A a already observed (90), 
there is not any well determined law of electrical action with 
which the indications of the therm o -electrometer do not 
coincide. 

191. Important differences arise in experiments of this 
kind, in employing batteries of large ami .small jars, or in 
operating with greater or less quantities of electricity. Tho 
battery employed by Professor IMess appears to have consisted 
of five jars or "bottles," each exposing about a square foot 
of surface. Now, the addition of the charging rods as the 
number of "bottles " are increased, upon so small a surface, 
■would be neceBaarily felt in the transmission of the accumu- 
lation ; they would, aa foimd by I>r. Eiess, prove a serioua 
impediment to the progreas of the current. In a battery of 
five jars which I We recently employed, ehoiged tjf a 
three-feet plate machine, each jax contained aa much coated 
surface as the whole battery employed by Dr. Biesa. In 
tills case, large quantitiea of eleotridty were accumulated, so 
that the obatades arising irom the metallic roda necessarily 
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introduced into the circmt as the nmnber of jaxs irere 
increased, became of much less importance. When two jars 

only were employed, and placed horizontally with their open 
mouths against each other, and having a charging rod 
common to both, it did not appear of much consequence 
whether the accumulated electricity was collected and dis- 
charged from one jar or two. In operating with a battery 
of six jars, of Cuthbertson's construction, each exposing 
about 1-4 square foot of coating, the diffcrencea arising in 
accumulating a given quantity of electricity on one, two, 
three, &e> jars, amounted to something considerable. They 
were as foUowa ; — 
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It may, therefore, be sapposed that, by increasing -the 
number of jars, with a given aooomulaticm, the eCSeot on the 
thermo-electrometer would at lengtb be insppredable, and 
such was found to be the csae ; all this, bowerer, has no 
relation whatever to the electrometer indication of tbe bat- 
tery called " Intensity." 

. 192. The fact is, that we do not obtain the full effect 
of the discharge due to an increasing quantity of elec- 
tricity, when we increase the number of jara at the same 
time. The expression, p (1''^')) is only true by expe- 
riment, for a constant coated surface, consisting either of a 
single jar or of two or three, &c. jars. In the battery just 
adverted to, the effect of double the quantity of electricity 
disposed on two jars only equalled about 2^ times the effect, 
instead of 4 times, which it would have produced when 
collected on one. When three times the quantity was dis- 
posed on three jars, the effect was about 4^ times as great, 
instead of 9 times, and so on, until at last a limit is reached 
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beyond wtudi the advantage derived wifcli a given battery 
from an increased quantity of electricity, is entirely neu- 
tralised by the obstruction of the metiils of the added jars 
to the free traiiamiasion of the discharge. 

193. Ill thcso experiments the quantities of electricity 
wore nifaiured by an exploding electrometer connected with 
the outside of tlie battery, ivhich was insulated precisely in 
the ^v•^y mentioned by Br. Riess. The experiments were 
io^'iiLiiL'd so long since as tiie year 1S2,S, and will be found 
iu tlivi :>Iemoir3orthe Plymouth lusiiiution for 1830. I was 
not lit tlie time awaro that Colonel Haldane had resorted to 
a similar method of meaauring the charge of the Leyden 
battery many years previoualy, viz^ in 1797, as quoted by 
Dr. Biess, with the esceptiQa of the employment of 
Cuthbertson*s Bcale-beam, electrometer uutead of a smaU 
jar with Jjsm'a diecbo^ing (deetHnnetor, as -nsed in my 
experiments. The moat accurate measure of quanlit^ accu- 
mulated in a Iieyden battery ia the unit jar which I Bub- 
sequently invented, in 1831, deeeribed "Bod. ^Heetrioitiy,** 
(93),. page 105 " TranaadricBa of Boyal Society for 
1834^" page 217. 
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CHAPTER VII. 

CCBIIEST 3LVSNETIC FOItCE. 

Elemental'; Magnetic phenomena — First notions of the identity of Elec- 
trical and Uagnetia forees — SiecorerieB of Ocrstcil, liis canjuDctlvc 
WiVB joiniiig tiie Polet of the Batterj — Relative directions of the 
Wire and Magnetio Needle, redpreeal attractive oaA repulsive forces — 
Development of Magnetism aboni tbe conjunctive wire iu perpen- 
dii^ula;- ciicnl.ir ji!:!}!!.'; — Klectro-iaagnfitie Keedle — Action of Helical 
ciHh oil lii .i iiu l St t! - Klectro-magneta, that Imniease [jower — 
Iltvi;lij|iiiuut ul' likcii ii lty hy the induction of onrrent Electricity and 
Electro-magnetic force — Primary and seotmdaiy coils — EUctro-dynamio 
wtjlft b J TTpAnrlar and SuhzukorSl 

194. Tms nagneHc agency of the Toltmc apparatos is 
tmothec of those smgnlar^ interesting and magical powers 
in which it BO richly abotntdB, and maj he conaidered as a 
most important fink in the chain i^ch evidently connects 
the unknown phyBh»I oaoBes of heat^ electricitT, and mag- 
nefism, and probahly other of those occnlt forces by which 
the material universe is controlled and regulated. It may 
perhaps conduce to a clearer apprehension of this very 
woDderfiil branch of voltaic electricity, if we briefly revert 
to some of tho more elementary features of common mag- 
neci^m, na given iu OUT rudimentary treatise on that subject, 
leQ.viug a more elaborate ezposiiaon of its principles to a 
study of that work. 

195. It is here to be remembered, that a certain ore of 
iron, termed natural magnet or loadstone, has the power of 
aggregating ferruginous matter about given poiuta of its sur- 
face. Iron dust, or filings of iron and steel, for example, will 
collect about and appear to be attracted by those points, in 
considerable masses. When this substance is suspended by 
a deficate thread, so oa to have freedom of motion, then the 
pmnts. of its surface about which the ferruginous mattra: 
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collects are observed to arrange themaelvea so as to stand 
ne&rlj in tlie meridian of the place in which the expmmmt 
is made. These points hare been hence termed the poles of 
the loadstone; that part' of the snrface which points toward 
the north has been termed the north pole, and that portion 
of the siu^uce directed towards the south, the south pole. 

This understood, we have next to observe, that when 
a regularly formed bar of tempered steel of moderate 
dimctipions, or a common needlej is brought into contact 
ivith the poles of tlie londstoiie, and passed across theni a 
few times with sligiit l'ri(^tiou, then such a bar acquires pro- 
perties similar to the loadstone itself, and constitutes what 
has been teniicd an artificial magnet. AVhen worked into a 
certain form, and suspended oa a fine central point, the 
bar becomes a magnetic needle. It is usual to mark that 
extremity of a magnetic bar which points toward the north, 
with a small cross, or a straight transverse cut. We have 
next to remember, that the magnetic energy or attractive 
force on ferruginous matter, is greatest near the ends of the 
needle, and that it diminishes in each half of it as we 
approach the centre, or nearly the centre, where it is little 
or nothing. 

19G. When two such bars or needles are placed upon fine 
pivots near to and immediately over each other, they will 
only rest in one position, that is, with the marked pole of 
the one over the nnmarked pole of the other; if we attempt 
to place the two marked ends or the two nnmiwked ends 
over each other, and leave the needles to the free operation 
of the forces operating tm them, they will not endure that 
position for a moment — the similar poles will repulse each 
other, and the dissimilar poles will attract, until they rest in 
the position just stated, that is, with the marked pole of the 
one over or nest to the unmarked pole of the other. 

197. Jloreover, we find tiiat when a delicate needle of 
tempered steel, not magnetic, is mounted on a fine trans- 
verse axis, so as to allow of motion in a vertical plane. 
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and is so nicely balanced aa to be indifferent as to any 
position in that plane in whicli it may be placed, and, being 
BO poised, is then touched with a magnetised substance, it 
will immediately, if in the plane of the magnetic meridian, 
take a given inclination to the Iiorizou. Its marked pole in 
theae latitudes will dip or incline to an angle of nearly 70 
degrees. This dip varies in different latitudes ; it is greatest 
near the pole, and nothing at the equator. The natural 
position of the magnetic needle, therefore, is not always a 
horizontal north and south line, but an iuclined line, 
depending on the latitude nearly. An inBtrament for 
detennimng the amount of this indination Baa been termed 
a Dipping-needle. 

198. The natural cause of all these phenomena baa been 
referred to raaguetic properties in the mass or surface of our 
terrestrial globe, which has been imagined to have its opposite 
poles and magnetic centre in common witb artificial magnets. 
In fact, the earth is probably a terrestrial magnet of some 
kind, giving inclination and direction to the magnetic needle. 
Perhaps upon the law of magnetism just explained, viz., that 
opposite poles attract, and aimilar poles repel, it would so fai- 
be really the south pole of the needle which would be attracted 
by the north pole of the earUi ; hence, tliat eifcremity which 
poirfts north should properly be culled its south pole. To 
avoid confusion of this kind, Faraday concisely distinguishes 
tba poles of a magnet-needle or bar by the terms " marked " 
and " unmarked " poles ; he speaks of the north and south 
ends of the bar or needle, but not of north and south poles 
of the needle. 

Such are the elementary phenomena of common mag- 
netism we Have to keep in view in our expositions of the 
current mt^etio force of tbe Tolttuo series. 

199. The great Bimilarity of the laws and pbysical relations 
Bntsisting between electricity and magnetism, as set forth 
by tEpinus : the proved identity by Franklin of tbe cause 
of lightning and common electricity, both of which can 

I 3 
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disturb the magnetiam of the compass, reverse its pola-' 
ritj', aud give magnetic power to steel, had long engaged 
tl)L' :ittcnt:on «f the scientific world, and had suggested 
tlic notion of magnetic and electrical phenomena being 
more or iois dependuat on the Bame physical agency. The 
views, however, generally advanced upon this subject werO 
very conjectural, and ili-defmed, and had but little claim 
to consideration, further than that of interesting scientific 
speculations unreduced to the form of a science. We owe 
the present advanced state of our progress in, these most 
important questions entirely to the wonderM magaetie 
powers of the voltaic appanitns, and its operation ib detw- 
mining the actual relations subsisting between the etootEicaL 
and ma^efae forces. 

200. Xbe Szsfe BabBtanfial dkeormy of tlra magmturfiffee 
of the Toliaie ^lerataB vaa eflbcted by (Ecrted, a Dansh 
pbilosopher of ungdw and ability. Having some 
time tunied his attention to the relations BubsisHog hetwe^ 
electricity aai m^inetisia, he was led, by that energy of 
intellectiial thoi^bt so cfaturacteristic of a high order or 
gemofl, t» oowder, and examine, the actual condition of a 
metallic wire connecting the poles of a voltaic battery whilst 
in a state of activity. Then it was that a magnetic condition 
of tho wire became apparent, never before contemplated. 
The wire, as already stated (96), caused the magnetic needle 
to deviate from its meridian according to given laws, and 
tend to place itself across the wire. On bringing the needle 
into various positions relative to the wire, either above or 
below, or on cither side of it, always preserving the paral- 
lelism of the needle and wire, then it became apparent that 
the movements of the needle took place in a circle about the- 
wire, as is seen in the following experiment. 

Esp. 23. Let c z, fig. 69, be a voltaic battery consisting 
of about 30 pairs of 64neh plates, zino and copper (68), and 
z p If 0 a metaUic wire connecting z c, the zinc and et^per 
eztremitnes of the series, and of whieh the portion p it i» 
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perfectly straight, aud placed on insuJafcing supports in the 
magnetic meridiaii. Let s jt be a small magnetic needle 
(105) delicately suspended Pj„_ 
on a centnil point, and the 

voltaic current be supposed ^ililllliliillililfilliillll 
to flow from p to N, through 
the circuit z p h c. If now 
the needle a n be immedi- 
ately under and parallel to 
the joining wire p n, that 
is, if the wire be immediately over the needle, then the 
extremity a of the needle, next the negative extremity it c 
of the batteiy^ tuma towards the west, and that whether the 
needle be oa the one side or on the other side of the wire, 
so that it be belov and paralld to it. If the feedle « » be 
now bronght into the sttrae horizontal plane f K as the wir^ 
then these deviations are no longer apparent, but the needle 
attempts to move in a rertical plane pwpendicular to the 
plane of the wire, and when suspended on a delicate hori- 
zontal axis admittii^ of this motion, inTariably does so- 
Supposing p IT to be the line of the magnetu: meridian, 
IT being the nraft end of it. Then if the needle be 
placed on the same plane as the wire on the ivest side 
IV, tho pole n next the negative side x c of the battery 
dips below the plane of the wire, .lud the opposite pole 
s is elevated. If, on the contrary, the needle s n he 
placed in a similar way on the east side e of the wire, then 
the reverse of this takes place ; the pole n adjacent to the 
negative side of the battery is elevated, and the opposite 
pole s depressed. If the needle he now brought so as to be 
above and parallel with the wire p s, we have then the 
reverse of what happens when it is beneath the wire ; tho 
pole », nest the negative side of the battery, now turns 
toward the east, no matter whether it be on the one side of 
the needle or on the other, so that it be above and parallel 
with it. 
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201. Sach vere the first resnlts of (Ersted's nKsnentous 
experiments. His formula for the movement in a hori- 
zontal plane is this. " The pole above which the negative 
electricity enters is turned to the west, and the pole under 
which negative electricity enters turns to the east." The 
views of these plienomeua, as given by Qii-sted, are the follow- 
ing : he considers that in the voltaic discbarge through the 
closed circuit z p x c, fig. G9, opposite electricities enter the 
conjunctive wire at p and n ; positive electricity is supposed 
to enter at p, and negative electricity at k. The result of 
this is a sort of electrical conflict within the wire, in which 
tiie two forces become so blended as to escape all obaerva- 
Uon by ordinary electrical instruments, without, however, 
acquiring perfect equilibrium, nevertheless, continuing to 
exhibit great activity under a new form of action sensible to 
the magnetic needle. These phenomena, it is to be re- 
marked, are not the result of electricity at rest, that is, 
statical electricity, but are the consequencea of electricity in. 
iQotioii, or dynamical electricity; the state of the conjunctive 
wire being a dtftuaauu^, not a statical state. 

202. It may, perhaps, be as well further to obsen'e, that 
in the experiment as iUustrated in the last fig. 69 (200), we 
Iiave, for the sake of historical association, employed a series 
of plates onder the simple form of a common battery. The 
results in this case may hence appear not to coincide with 
the results of a single pair of plates, given (90) fig. 44. On 
referring, however, to our explanation of the real import of 
the tcrniinnting pktes of a trough battery (34)^ it will bo 
immediately seen that the two electrodes of voltaic dis- 
charge are tlio same in both cases. The last ^iuc plate z in 
fig. G9 is only tiie positive side of the battery in virtue of 
its transmitting tlic positive electricity of the copper plate 
before it ; and the first copper plate, o, ia only the negative 
side, from its transmitting the negative electricity of the 
last zinc plate behind it. The terminating zinc and copper 
plates are therefore not to be considered, except as adjuncts 
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designatiiig the positive and negstiTe fficfcremitieB of the pile. 
Talce flieBe awaj, and the terminating phttes in figs. 69 and 
4A are the same. 

. 203. It is evident that, in all these operationB, the 
directive force of the needle aad the way in ■which it is 
suspended are two forces interfering with what would he 
the actual movement of the needle, supposing such forces 
neutralised or removed. In this case we liiid, tliat when 
the ceutre of a fiiioly-liung needle is brought near the con- 
juuL-tivo iviro of a powerful apparatus, the ueedie will stand 
right across the wire in all relative positions of the wire and 
needle ; supposing the centre of the needle carried round 
the wire, this direction across the wire ia such, that tlie 
marked and unmarked ends of the needle (198) are always 
in a constant position relative to the poles of the battery. 

Esp. 24. Let the positive end of the battery be on the 
right hand of the observer, and the needle helow the wire, as 
indicated in fig. 69 (200). Complete the circuit zvs c, the 
marked end of the needle will come towards him, and the 
needle vill stand across the wire, as represented in the 
adjoining %. 70, in wMoh p it is the conjoining mre, s n 
the needle, p Mm poutive, K the n^|a- 
tive side of the battery. It is diffi- ™- 
colt, but not imposeible, to snspend - ' 
the needle so as to give it free motion 
in all directionB, whilst the force of 
the terrestrial magnet (198) on the p 
needle may be neutralised by the 
influence of a third magnet, or 
otherwise rendered mill by an astatic 
arrangement (98). " 

20i. It is next to be observed, that, supposing the excited 
wire and needle to be situated as indicated in the last 
fig. 70 (203). Then, on moving the needle backwards and 
forwards, under or above the urire, so as to expose different 
points of the needle to the current force, the needle will be 
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seen to be attractive of the wire, and the wire of the needle, 
throughout its eutire length, bo that the magnetic condition 
of the wire is such as to attract botli ends of the needle. 
The same result ivill ensue in moving the needle along under 
the wire lougitiidiually ; every point of the wire will be 
found attractive of every point of the needle, that is to say, 
BO loug as the wire and needle remain in the position indi- 
cated in fig. 70. AVhen, however, we reverse the direction of 
the needle, the direction of the current remaining the same, 
then the needle and wire repulse each other. 

205, On further examining the magnetic condition of the 
junction wire, we find it highly attractive of ferruginous 
matter, bo that filings of iron or steel, when brought suffi- 
ciently near, will accumulate about it in great quantity, until 
the wire becomes as it wore loaded with them. On breaking 
the contacts h c or P z with the battery, the magnetic force 
instantly vanishes, and the filings drop away from the wire 
as if by magic. "We owe tha cnnoas fiet to the labonn (£ 
Arafft and Davy. Davy farfch»r showed Hoi ihe fiUngs 
-which had aoeamnloted on the ogpontt sides of two similar 
jonetion wires rimilarljr affected hy the cutrent were 
attraotire of each other, whilst; those on the same side 
repulsed each other. Such wires, theref<»e, had conve^d 
to the filings opposite polarises (196). 

Exp. 25. Let P it fig. 71 be the terminating plates of the 
battery, and ahcd straight and parallel portions of two 
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wires joiningthera ; we have 
then two parallel currents 
/" JP [L \ in the same direction, as in- 

I f ^ \ dicated by the arrows. Let 

I I I jiim J J the small circles and short 

\«» ^~o~^ "7 o"o~o~o "^ j/ straight lines be supposed 
tf^ ^ ^ - "^ ^ ^VT ^Ig to represent ferruginous 
filings collected about these 
wires ; those on similar sides of them, being diBtLngniflhed 
by small cirdea and short lines. Then the filings on ogfo- 
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site relive aides of the tivo wires attract, whilst those 03i 
tlia same relative sidca of each wire repel ; thus, the filings- 
indicated by the small circles attract those indicated hy 
the short lines. The repulsive force may he observed by 
the arrangeinent indicated fig. 72, in which a h and c d are 
parallel portions of a single ivire Fig. 72. 

joining the poles r s, and bent so 
as to reverse the direction of the 
curceat in the Btraight portion a h, 
'nMch amounts to the same thing n ^ — 
as opposing the similar sides of C^",'.'/."..'..'.*^ 
the wires a h and « iJ m tUe laei; ^ ■ • 

fig. 70. DaivT', to whom we are indebted for tHs experiment^ 
emplojred eceaaioBalljr two separate battenee. The result had 
Iwen antieipated by the jnstdy o^obrated Erendi phUosopber^ 
Ampere, who feund that when two parallel wires, al cd, 
%. 71, emrpDQ an deetneal corrent in the same direction, 
were free- to move^ the wires were attradiTe of each other, 
but reptdsed eaeh other when the currents were in different 
directions, as in fig. 72. 

20G. The magnetic force developed in a wire joining the 
poles of the voltaic series is common to all the metala, and 
their eloctro-magnetic condition is such, that when exposed 
to the poles of a common artificial magnei^ they aro imme- 
diately attracted or repelled by it. 

Exp. 26. Suppose, in the last fig. 72, that the circuit 
"B dc ah'S were free to move upon the points t s. Then 
the marked end of an artificial magnetic bar attracts a h and 
repells c d, that is to say, attraction ensues when tho current 
is moving from p to n in direction a l ; the positive side of 
tbe battery being on the right hand, and repulsion when 
moving in direction e d, which is the same thing as bringing 
the positive pole p to the left hand. If small cylinders of 
metallic wire be placed across two fine knife edges connected 
with tbe opposite poles of a vottaia battery, the pmitiTe side 
of the battery brang on oar ri^t hand, these eyliudera may 
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be made to roll along on the knife edges by the attracHre 
or repellent forces trought into play on presenting to ttem 
the marked or unmarked extremity of a magnetic bar. K 
the marked end be presented to the wires, attraction will 
result ; if the unmarked end, repulsion. The forces may be 
reversed by cliauging the end of the magnetic bar, or 
reversing tlie current. 

207. Upon a rigorous investigation of the relative forces 
of electricity and rajiguetism thus called into operation, it 
has been found that when an electrical cun-ent is caused to 
flow progressively through a metallic wire, the wire is every- 
where surrounded by curves of magnetism placed in planes 
perpendicular to the direction of the current. Thus, if p k 
fig. 78 be the wire carrying the current, abed, &c., will be 
the curves of magnetism, and 
small magnetic needles, free to 
move, will arrange themselves as 
tangents to these curves. Thus 
two small needles, n s and « n, 
will arrange themselvea as tan- 
gents to mj given points of "the curve to which they 
axe applied ; and if carried round the curve, would indicate 
drcular motion round the axial wire. Hence the magnetio 
force emanating from the wire does not act in a line parallel 
to the current, but ia exerted in a plane perpendicular to the 
wire. Thus if p h fig, 74 be a rheophoric conjunctive wire, 
Kg. ii. abed will be a circular mag- 

netic plane, and the direction of 
the action \yill be determine'd by 
the direction of the current. If 
we refi^r the conducting wire p K 
to tlie vertical, and suppose a 
descending cun-ent, the direction 
of the action will bo from left 
to right, that ia, in the direction 
of the hands of a watch placed horizontally, the dial- 
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plate being next the positive pole p, and the wire p h 
being supposed to pass tbrougli the centre o. 

208. This magnetic condition appears to obtain whenever 
concentrated electricity ia passed through space. Davy found 
that the discharge of about 17 square feet of coated glass 
through air, magnetised a needle placed transversely to the 
explosion ; and when discharged through a silver wire of the 
l-20th of an inch in diameter, bars of steel 2 inches m 
length, and l-20th to the 1-lOth of an inch thick, were made 
puUiGicntly magnetic to attract steel needles; and this mag- 
netic influence of the discharge extended round the wire at 
a distance of 5 inches, and was exerted through water, 
glass, or metal electrically insulated.* 

209. Professor (Ersted, in. announcing his great discovery, 
hod undoubtedly some idea very analogous to this kind of 
action. He conceived that, in the case of the conjunctive 
we, " the direction followed bj the electrical powers is not 
a light line, but a spiral taming from the left hand to the 
right," an idea but little coantrauinced at the time by the 
scientific world. Ampere, however, aubsequenUj adopted a 
view of electro-magnetic force involving a very similar con- 
dition. He assumed that common magnets were only 
masses of matter having electrical currents oiroula^g in 
closed curves about their axes, upon which theory, be was 
led to construct an helical coil such as represented in the an- 
nexed fig, 75, in which the 

extremities p n of the wire 
were returned through the ^ 



other, n, below. Thia appara- 1 
tus, when so suspended as to 

he free to move upon the points p n aS. the time of its 
connection through p n with the opposite poles of the 
voltaic apparatus, takes up a position in the direction of 



helix, and brought out at the 
centre : the one, j), above ; the 




* PUL Trans, for 1821, p. 18. 
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I^e nn^inetao meridian, and ia perfectly obedient to the 
commoa laws of magnetiam ; either extremity t s being 
attractive of one end of a magnetic bar, and repulaive of tbe 
other, just as a common magnetic needle would be (196). 

210. It may be inferred, upon tins livpotlieais, that 
ferruginous matter, such as iron or steel, would become 
powerfully magnetic if placed witliin a helix transmitting 
the electrical current ; and such is really the case : when a 
steel eylindrical rod, H, fig. 76, is surrounded by an helical 
Fig 76 " ^' conTolufcions of \s hieli urn well insu- 
lated by a varnished covering of silk thread, and a 
powerful electrical current transmitted through 
the coil, the rod receives an extraordinary degree 
of magnetic power, so great as not im&eqaently to 
beeome magnetised to flainFati<Hi. Tbe poHtum 
of tbe polea a Bte^ ornee^rratdsTedma^ 
nettcia tluBwayviU depend on the faeKx, et dinc- 
foon of the eaxitsA. If a i%ht helix lie nse^ thab 
is if the c(mTolations proceed from the right hand 

downward toward the left hand, that end of the bar tx 
needle toward the negative side of the hatteiy heoomes 
the marked end (156), and if suspended will turn toward 
tho north polfi of the earth ; whilst the extremity of the 
bar next the negative pole of the battery becomes an 
unmarked end and turns toward the south. The reverse 
takes place with a left helii. This direction and constancy 
of the poles may be easily inferred to be a direct consequence 
of the invariable position of the needle in respect of the con- 
junctive wire as indicated (207) fig. 73 ; since in comparing 
a small portion of each coil of the helix, fig. 76, with the 
contained needle, the needle will iu fact be found crossed by 
as many conjunctive wires carrying electrical currenta. 

211. When iron or steel is exposed in this way to the 
operation of many helical coils, superposed one upoa 
the other, the magnetie fcNCce developed seems to be almost 
indefiuitelj great^ e^eoally mreiypure soft iron. In this. 
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however, the magnetisra vanialica, or nearly ao, directly we 
break tbe contact of the fielii with tlie battery. Magnets 
of this description, therefore, have been considered and 
called more especially electro-magnets : ivhilst tlie current 
ifl ia operation the force far exceeds anything wliiL-h can be 
obtained by common magnetised steel, and we have tho 
additional advantage of being enabled to regulate the force 
or reverse the poles at plewure, either by varying the force 
the batterf or the extent of the helical coil, or by ehsng>> 
ing tho diroeiaon of the current. 

212. The moat powerful electzo-msgnets aa yet prodaced 
have heea isHistmeted of baxa <n xoda of eo&s inm bent into 
the horse^^hoe fbm, and emrounded by coUs of copper irire- 
coToed vith varnished cotton or silk thread, so as to eSso- 
tnslly iaaobts the coils, and compel the current electricity 
to traverse the whole length of the wire. When the ex- 
tremities of the helical coils are connected vith the opposite 
electrodes of the v^taio apparatus, a degree of magnetic- 
power becomes developed in the iron with about ten cells of 
a Grove's battery, sufBcient to suspends ton we^ht, throi^ 
the intervention of an iron bar placed aczoBS the projecting 
ends of this electro-magnet. 

The annexed figure 77 represents the t 
thus constructed, iu which 
A c B is a bar or cylinder of ^'2- 77. 

very soft iron, about 2 feet 
in length and 2 inches in 
diameter, bent into a curvili- 
near form as shown in tbe 
figure; m o n is meant for 
aapei^osed helical coils o£ 
copper bell-wire, pjrqmredaa 
abore described, and sur- 
ronndin^ the iron, each ooil 
being about 60feet in Imgtb. 
^ B is a bar of soSt inm groiuid fli^ iotiie snrfiicea t^te- 
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projecting enda, a b, of the iron rod, and is fui-nished wifch a 
hook at 7i, for suspending weights of any required amount. 
"When the extremities m n of the coils are connected with a 
powerful voltaic apparatus, the attractive force of tlie extre- 
mities or ])oles of the magnet upon the iron har, A D, is 
such, that above 2000 lb, weight has been suspended from 
7i without breaking the contact. 

213. An electro- magnet of this kind, constructed by 
Earaday, and turned with its projecting ends upward, could 
seize upon iron spike-nails, when projected over them, and 
BO unite them by magnetic-inductive force, one Mith the 
other, as to form a sort of plastic mass of ferruginous matter 
from pole to pole, as indicated in the annexed fig. 78, and 

p.g ,,g which might bo swayed to and fro bj the hand ; 

either pole, a b, fig. 77, of this magnet could 
A'' "';■,);< sustain half a hundred weight, when applied 
O itI ^ ^'^^ '^'^'^ °^ magnet was 

^ ^ inches in length, and2*S inches in diameter. 

The helix consisted of copper wire about the 
l-6th of an inch in diameter and 500 feet in length. This 
helix was disposed round tha iron in four superposed coils 
connected end to end, ,BO that the current traversed the 
whole length of the wire. 

214. These astounding magnetic effects of the voltaic 
apparatus are necesaarlly of the deepest physical interest, 
seeing that an unknown and myeterious power of nature 
has been called up into active operation, which, from the 
earliest periods of philosophical history, has been the wonder 
and admiration of each succeeding age; and also that much 
light has been thrown upon the probable source of the magic 
influence of this power in directing the position of the mari- 
ner's needle, and aggregating into masses disjointed particles 
of ferruginous matter. It would be without the limits of a 
rudimentary work such as this, were we to enter upon all 
the phenomena incidental to the actions and reactions of 
rbeophorio wires and magnetised iron or steel upon each 
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other, and tho numerous motions and effects to n hieh they 
give rise. Such phenomena come more especially uiiiier the 
beautiful departments of science termed "electro -magnet ism" 
and "magneto-electricity." The e:cperiment9 and phenomena 
to which we have called attention, are probably sufficiently 
illustrative of the magnetic powers of the voltaic pile, tho 
great object we had in view, and to wliich our attention has 
been necessarily restricted. We must therefore be content 
vith a siorple noHce of a few of tbe more elementary results 
of electro-magnetic mi anagneto-electrio inqitiries. 

215. Firat, we bare to obserre, that -when a conjnnctivB 
wire (200) is &ee io move under an appropriate mechanical 
arrangement, it will rerolTe about tbe poles of an artificial 
magnet (195) ; conTereely tbe magnet will rerolve abont the 
wire : if both toe &ee to more, they will rerolve round each 
other. 

Secondly, a conjunctive wire may bo so disposed as to 
become under the control of the great terrestrial magnet 
(19S), and obey all the laws referable to terrestiai mag- 
netiam ; taking the magnetic dip or inclination (107) just aa 
the ordinary balanced needle would do. 

Thirdly, an artificial magnet, mounted on vertical pivots, 
and transmitting imder the form of a conjunctive wire an 
electrical current from its centre to either end, or conversely, 
will revolve upon its vertical axis with great rapidity. 

^Fourthly, two conjunctive wires, free to more, repulse 
each other when the currents are in opposite directions, and 
attract each other when in the same direction. 

Piftbly, it has been found that not only does electrical- 
current force originate pure magnetic force, but that, con- 
versely, pure magnetic force originates electrical-current 
force, giving rise to a Beries of efibcts of the rery fiist 
importance. By means of common magnets, electrical 
currents become derdoped in metallic - bodies, especially 
when aided by helical coils, and of such power as to produce 
electrical sparks and shocks, and otherwise exhibit all the 
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phenomena of the ordinary elecErical madiine and voltaic 
apparatna. Metala beaten into tliin metallic leaves may be 
deflagrated, fine metallic wires made wliite liot. Electro- 
chemical decomposition efi'ected, and a variety of other 
effects produced. Thie property of ordinary magnets to 
induce electriciJ currents ■witliout the aid of any voltaic 
circle, has been tenned " magneto-electric induction." 

216. We can scarcely conclude this branch of our subject 
to which this chapter has been devoted, without a brief 
allusion to some late forms of apparatus dependent on 
electro-dynamic and magneto-electrical induction, and which, 
thTougH the chelation of Becondsty emreuta, have been 
found to develop ordimuy etectrieal powers of a most sui- 
priamg chuncter. 

217. When a wire is nader l^e iaSuence vf the current 
force of the voltaic appaxatoB, the current appears to exert 
upon l^e electricity of conducting matter within the sphere 
of its uifluwice a peculiar inductive effect, and in such wa^ 
as to put the electricity of the near matter in motion if pre- 
viously at rest, or, if in motion, either to increase or diminish 
the current force. This effect, termed volta-electrical 
induction, is however of a momentary or temporary cha- 
racter, and is only evident at the instant of completing or 
breaking the circuit. It may he easily apprehraided -bj 
reference to the following experiiiieut : — 

JSxp. 30. Construct two long adjoining helical colls, 



eatdt other, as indicated in the figure; conaect&eextreniitieB 




Pis. 79. 



(o n m b, c n m d\ fig. 
79, each coil consisting of 
about 250 feet of copper 
wire covered with insulating 
thread ; let the two coils be 
wound together upon the 
same (^lindrical hoUowmould 
fn % ao as to go on side 
aidef and be superposed upon 
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a h o? one of the coils a n m h, wliicli we will call tlio 
secondarj' coil, with a delicate electro-magnetic multiplier 
or rheoscope a h (98), and the extremities c d oi the other 
coil c n VI d, which we will call the primary coil, witli 
the opposite extremities of a WoUaston'a battery of about 
100 pairs of plates (72), complete the contact with the 
battery through the coil c n m d, and the rheoscope a b 
Trill become deflected iu a given direction by the volta- 
electrical induction upon the coil anmb ; the effect wiil be, 
bowever, like a passing wave, it will be only for the instant, 
after a fbv vib^tionB the rheoscope will ogaon recorer ita 
£r8t poBition. Ptaxseed now to tn«ak tbe contact with 1^ 
batteny tbiougb the coil enmd, then another tenqjoraij 
wave will ensue, md the galvanometer needle will be 
deilected for a momeot iu the opposite direction. On 
examining tiiese two different deflections of the rheoscope 
jjeedle a h, we find that the current induced in the secondary 
coil on making contact is in the opposite direction to that 
of the primary current in the coil c nin d, whereas, on 
breaking the contact, it is in the Siimc direction. 

218. This inductive eficct may either oocur on a .secondary 
wire, or it may take place in the primary wire ; that ia to 
say, the primary wire may induce a current in itself on 
nialdng or breaking contact with the battery: hence, the 
spark observed to take place at the point of disruption is 
much greater in a long wire or helix than in a short wire. 
If the wire connecting the electrodes of the battery be 
short, say about a foot only in length, the spark observed 
on making or breaking the contact with the battery is 
comparatively feeble, occasionally ins^isible, — it is, in 
fact, dependent entirely on pure electrical action ; but if a 
wire of 50 feet be employed, then I^b Toltn-electrical 
induction conras into pl&jr, and the riectiical spark ia con- 
siderable. It is still more incx^ased whetn the 50 feet of wire 
are wound into an hdioal ocnl, in vhich case there is a reci- 
procal indaotiTB action between the apn-al tnrna of the coil. 
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219. Yolta- electric induction may "be designated ns n 
lateral action of the primary current upon the electricitj- of 
the surrounding or next particles of conducting matter, and 
it takes place in planes, perpendicular to the respective 
points of current force. The effect is probably identical with 
the curves of magnetic force (207) fig. 73, or ia intimately 
associated with them. 

220. When a soft iron rod is introduced into the helical 
coa, at m, (217) fig. 79, then, as first obserred by Mr. 
JenMn, in experimenting -with the helical coil of the 
electro-magnet^ {212) fig. 77, tliia Tolta-eleotrical indac- 
tire effect becomes amazingljr increased ; if tre grasp the 
ends of the aecondarj' viie through metallic cylinders, 
and make or break the contact with the batteij, through 
the aoimsl frame, then a smart shock is immediately felt ; 
and is of such a nature as to foe, with powerful arrange- 
menta of the apparatus, quite insupportable. Bright vivid 
sparks may be obtained from the secondary wire, and an 
amount of ordinary electricity developed, quite unpre- 
cedented. "We, in fact, combinR the effects of electro- 
dynamic with magncto-oleetrical induction ; since at the 
moment the iron loses its ningnctism on brt'nliing the 
contact with the battery, the secondary wave becomes 
increased in force. 

221. The currents thus produced in the secondary wire 
may, by appropriate arrangements, be interrupted through 
the interventipn of some thin insulating substance ; we may 
hence manage to stop off, as it were, the first currents in 
the one direetion, due to the instant of completing tfao 
battery contact, and preserve those only due to the hreaking 
of the battery contact, found to be the most energetic ; a 
rapid aeiies of intermitting sparks in one direction is the 
consequence. The intensity of this seccmdaiy current is 
such as to pass through half an inch of air, whilst the 
inducing current on the primary wire is 80 feeble as to he 
scarcely appreciable through a very small distance. 
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222. A very powerful arrangement of these primary and 
secondary wirca was resorted to by Mr. Hetvrder, some 
years since, under the form of a medical insfcriimenb, for tho 
application of voltaic electricity ia eases of disease, for 
which he received the silver medal of the Eoyal Polytechnic 
Society of Cornwall. Other powerful and valuable forms of 
the coil-machuie have been produced by Bird, Henley, and tho 
Bev. £*. Lockey, highly deserving attention. !More recently 
a Tolta-eleotrie-indactiTe appaiatas has been produced by 
Buhmkorff,of8tillgreatOTpow», and which 
bids fair to prove of vast imporbance in the 
further investigation of this department of 
physics, Hearder'a form of the eleetro- 
dynamic and magneto-electric-induction 
machine is represented in the amiexed 
figs. 80 and 81. 

Fig. 80 represents the arrangement in 
soctioQ, IE M is the soft iron core within tho 
helix, geuerally consisting of a bundle of soft; iron wires ; a d 
is the primary coil, and 
h c the secondary coil 
outside ifc. 

Fig. 81 represents the 
instrnmrnt as complete. 
Ill this figure, A m it is tlie 
general cylindrical mass, 
consisting of the primary 
and secondary coils, just 
described, fig. 80, with 
the hollow cylindrical 
mould, and its interior 
aofb iron core; m n are 
the terminations of the 
internal primary ccnl neifc the core i. to be connected 
with the positive and negative sides p ir of the battery ; 
d 3 are the terminations of the external or secondary 

K 
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coi], from the extxemitiea p q oi which the effects of 
the induced current are apparent. There is a small atito- 
raatical or self-acting rheotomic apparatus at k (107) by 
which the contacts Trith the battery are rapidly broken 
nndrenewedj and the current determined in a given direction 
between j> and q. This rheotome depends on the attrac- 
tive force of a small piece of soft iron and the iron core, when 
made electro-magnetic by the action of the current (210), 
"being thus lifted, the contact with the battery is broken. 
The iron core at this instant loses its magnetism, and hence 
ceases to attract, so that the iron now falls back again by a 
spring Bctaon, and in doisg so re-makes the oontset as 
before ; the rapidity of this moremmt is Tr<ntdepcfulj The 
wire a^, fig. 80, of i^e primaty ooil, is a stoat ct^per wire, 
covered with thread, t£ moderate length, bdi^ about IfiO 
feet } the wire b e, of the secondaiy coil, is a finer wire of 
covered copper, of about 2100 feet in fength, or 14 times 
the length of the primary coil. It has been foniul desiialde 
to employ a comparatively short length of stout wire for the 
primary coil, and a great length of fine wire for the 
Bccoudary. Gassiot constructed a coil of this description, 
in which the secondary circuit is said to have been 12 miles 
in length. 

223. In tlie medical coil of Hearder great care has been 
taken in the proportioning the length and thickness, and 
consequently resistance, of the primary coil to the electro- 
motive power of the battery, by which moaua smaller 
batteries than have been hiterto used are made available. 
"With a small Smee's battery (79) the electrical effectB of 
this apparatus are quite surprising. Strong electrical spaiis 
are produced, and a striking distance obtained of several 
inches, through rare&ed air, small Leyden jars may be 
charged, and metallic leaves deflagrated. A remarkable 
phenomenon is observable in this instrument : when the 
ierminalaoiiB p q, fig. 81, of &e secondary vrize are joined, 
we have as usual a severe &o6k ; but if wldlst one finges 
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touches the terminal a, ve bring another finger of the same 
hand to touch the terminal b, then we obtain pungent 
B})arkB without a shock. 

224. la Eahmkopff*3 apparatus — the latest and moat 
powerful of these contrivances ; known by the especial desig- 
nation of Euhmkorff's coil — great attention has been given 
to the perfect insulation of the wires forming the primary 
and secondary coils- The apparatus has a rheotrope (108) 
attached to it, by which the current in the primary wire cm 
be reyersed. The electrical discharges of this coil are 
quite jrightful, and the light duengaged by them in ul 
exfaansted reoeiTer, Tcry taagBiSeeab and reswikable. Tbe 
Le^en battery is cosily diraged by it' up to a owtain 
intffludty, and common eleotrometdn jKmeritilly affected 
thereby, t^unrmg as in Hearder'B iqipatatiifl » enmremxsn. <tf 
the dynamic force of the ■pnaaiy^ eaamA into the ttatie 
force of the electricity of iodnctaoii. Gttom, on conneetiiig 
the terminals of the seeondaiy mre vii^ the coatings of a 
Leyden jar, produced, by means of a Lane's electrometer, 
a series of rattling discharges quite appalling. "Whenj how- 
ever, the jar is not thus intervened the discharges are soft 
and flame-like, as in discharges of common electricity from 
the Leyden battery through water. Thb flame-like effect, 
as in the case of the Leyden discharge through water, can 
readily ignite gunpowder and other inflammable matter, 
whilst the rattling discharge fiuls to do so, probably from 
its mere expaueire violence. 

225. It may be perhaps not unimportant to remark in 
reference to the theory of volta-eleetrical induction (217) 
commonly employed in explanation of secondary currents, 
that, as observed by Hearder, a great question still arises 
as to the real source of these currents, whether in fact they 
may not depend altogether on the temporary magnetic state 
induced in the soft iron placed within the helix (220), which 
in its tarn reacts upon the secondary vire in a ymy conveise 
to that of the electro-magnetio action of the primary 
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current. The primary current firat develops magnetiam, 
and tben tlie magnetism develops electricity through the 
secondary wire, heiiig the converse of the electro-nmguefcie 
action before adverted to (207), fig. 73. Whether in fact 
the feeble inductive effect observed by Faraday in approxi- 
mating a wire transmitting a current toward another wii-e 
in a quiescent state,* may not result from the small amount 
of magnetism induced in the primary wire (205). It would 
appear from some extensive experimental inquiries by Mr. 
Sjorth, a Danish philosopher, lately resident in Liverpool, 
that powerful electrical currents may be induced in the 
secondary coils of the apparatus just described (222), merely 
by the influence of artificial magnets on the bundle of soft 
iron wires within the helix, without the aid of any primary 
current or coil 'wbatever. Mr. Henley has in fact already 
applied this principle to the purpose of a magneto-elefitrical 
telegraph ; so far this questitm may probably be a fruitful 
source of new discoverieB in this branoli of Toltaio electricily. 

* Expt. researches (18). 
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OHAPTEE Vin. 

CandntUng BcnurlcB— Uie qoeitam <J mi Animal Slectridty fartbeF ocm- 
Bidei«d— Groands for at^poriog tlutt AoinMl Idib is more oi lera 
sSBodated witli Eleetco-motiTe or Carrent Fotue — IHecoTeiiei of 
Nolnli and Mattencei — Electrical Orgoatj of tbe Torpedo and ajmnotna 
— Beaeorcliea of M. dn BoiB Key mond— Application of the Voltaic 
Apparatus to practical purpoees briefljr noticed. 

226. Ai^Taonen tbe reaearclies of Yolts, and hia fine 
discorerf of tbe galvanic pile wece quite condodTs aa to tbe 
cause of the spaemodic and other mnaonlsr contiacl^ns 

observed hj Golvaiii to occur in tbe Itmbs of a leoen&y 
dissected frog wheu expoaed to the infloence of metallic 
electricity (4), still the great question of on inherent vital 
electricity in animala, and other organised living structures, 
demandls eqiedal investigation. The source of animal life, 
and the actual nature of vhat -we term tbe vital principle, is 
doubtless one of those mysterious and wondroua operations 
of nature in all probability past human comprehension. It 
is however permitted to us to pursue a line of approximative 
research, ^vhich may at least enable tia to better appreciate 
the pheuomeua of this truly awful element of existence, or 
at least the agencies tlirough ^rliicli its operations are made 
manifest. 

The more recent discoveries in voltaic electricity, the 
nature and laws of what we have termed current progressive 
force (24), to say nothing of the great perfection of delicate 
instruments by which such forces may be traced and 
estimated, and the least possible amount of galvanic action 
detected, would necessarily tend to resuscitate the long 
dormant question of an. " animal electricity," although under 
a form differing in some degree from that propounded by 
Galvaiii (6). 

227. PhtloBOphers from tbe earliest peiioda of electrical 
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diflCOYery, appear to have entertained somewhat vague specu- 
lations, of a very general character, as to the electrieal origin 
of the vital principle: the brain and nervous system, as may 
he readily imagined, would be referred to as the more imme- 
diate material organs through which physical is linked to 
metaphysical existence ; anil that too by the circulation of an 
hypothetical cioniout, termed the "nervous fluid," employed 
in giving vitality to es'ery part of tlie animal frame. The elec- 
trical powers of the torpedo, and other flsh (1), have been 
quoted as collateral evidence of the existence of such a prin- 
ciple of auimal life, and of its being no other thau the elec- 
trical agency itself; an idea further countenanced by the espe- 
riments and views of Galvani ; moreover, in the gymnotus 
and torpedo, and other electrical fish, we observe a voluntary 
power of originating progressive current force, through a 
series of organs similar in their physical character to that ot 
the Tolbaic circle, oe of the voltaic pile. So far, therefore, 
liie Botioa that there may exist in the utimal econtHoy a 
■poyrtx of detfflmimDg, os otherwise of <aigiiiatiiig, electrical 
cuirent powes through servcHU and moBeahiT Btmetuie, and 
thereby supplying a ^nd of vital siomulus to the vuioos 
parts of anun^ frame, may he conceived to ohtain some 
little coontuiance. "Whatever may be the nature of the 
link whioh ties tt^ther in scmte w^ nervous power and 
current action, it is clear that the electrical functions of the 
torpedo and gymnotus show the disengagement of electri- 
city by a nervous current ; as observed by Paraday, we hero 
see nervous power transformed into electrical force. 

228. The brain and spinal cord, as just observed, would 
necessarily be the material organs referred to as the 
source of this power, the brain, more especially in the 
human race and higher orders of aoimals, would be the 
great active centre of such a power. Accordingly, majiy 
profound writers * have ventured on considering the brain, 
as an electrical pile constantly in action, which may be 
* HeneheirB Disconiae : Dr> AtooWb Blemeuta of Pbyelds. 
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ooBcnTed to dinritaiee ilself at regnlw mterralB, •vheaevee 
the tension of what may be viewed as its charge sarpasBed a 

eertain point, as in the ease of the electrical unit jar ;* then, 
Bnpposing that at each discharge a gi?eii amount of vital 
stimulus became tranatnitted as current force through the 
nerves, there might arise all the vast variety of physiological 
effects ohaervahle in the animal economy ; tho heart, for 
example, might bo kept continually pulsating, as in the 
vibrating peniluhuu of the electrical column (iO), fig. 20. 
Various secretions might arise out of dc composition, 
recom position, and transfer, as already explained in treating 
of the chemical effects of the pile (137), Chap. V,, and 
other vital operations effected requisite to physical exist- 
ence. Benoit Mojon has endeavoured to show eiperi- 
mentally, that the different animal fluids are separated from 
the glandular system by means of an electrical agency 
eiietiug either in the glands themselves, or in the blood 
which fiowa through them, and the nerves with which they 
are furnished. Further, we may conceive the operation of 
a species of alecttical inductiTe foTce,t to extend to dyna- 
mical aa well as statical dectrieity, thua gpiving odgis to 
ftp e^eeial class of flyiYipafhfttifl affectionB betwe^ *i aiA 
organised amtnal ayetem and another; and in this way 
bringing about many of those exbsordin^ effects so 
strongly insisted on by- those who maintain the existence 
of Mesmeric influences, as also of other effects peculiar to 
the many curious aberrations in the nervous system bo 
frequently alluded to in our medical journals. Although 
we should undoubtedly he very cautious of these hypothe- 
tical speculations, more especially in a field in which the 
imagination has such an unlimited room to rove, yet, 
under the due restraint of observation and experiment, 
Buch Speculations may not eventually be altogether unpro- 
fitable ; and we should wisely remember, in giving attention 

■ Eudlmmtwy Eleotticily (98), p. 105. 
f BodunsntuT Blectridlr (20), p. 19. 
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to a well autlienticated statement of eztracadinaiy and 
remarkable phenomena of miimal life, that there are " many 
things in hearea and earth litUe dreamt of in onr philo- 
sophf." It is irorthy of remark, tliat almost evmy 
cultitivator of this departmeot of science has been 
impressed with the notion, that electromotive force is an 
element of nniinal life, and that this power is closely 
associated with the brain, the spinal cord, and the ner?ou3 
system, 

220. Mucli light has beeu recently thrown upon the 
question of animal current force, and the existence of what 
may be called au animal electricity, by the beautiful and 
interesting researches of Nobili, Mattcucci, and Du Boia 
Eeymond, Animal electricity had quite disappeared as a 
recognised branch of science for nearly a quarter of a cen- 
tury, wlien Nobili, in 1827, detected a current action in 
the frog capable of deflecting the magnetic needle (96). 
When the spinal column of a frog is made to touch a solu- 
tion of salt contained in a glass cup, and the feet immersed 
at the same time in a similar solution, contained in a second 
cup, the limbs are obserTed to contract immediatel;^; tHe 
two cups are connected bjr moistened cotton, as in !^p. 20 
(159), fig. 63. If an extremely d^ate rheoscope (100) be 
indluded in drcuit, the needle becomes deflected, and in 
such vay as to indicate a current from the feet to the head 
of the animal ; that is, from the muscle to the nervs. This 
current baa b^en more especially designated by the i&an, 
"frog current." It appears by Nobili's researches to be 
permanent ; that is, it maintains a constant deflection of the 
rheoacope in a closed circuit (OG) ; the action is increased 
when several frogs are included in the battery arrangement. 

230. Matteucci, considering that both heat and light are 
evolved in the organisation of living animals, through the 
agency of cert.-un chemical actions, thought it would be a 
sort of physical anomaly, if electricity were not also evolved 
under conditions farourable to its development. The 
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following easy experiment, reaorted to by tliis celebrated 
physiologist, proves the existence of an electrical current at 
the instant of connecting two different portions of an 
exposed muscular portion of a Hying aniiiml. 

Exp. 37. Havmg made aa incision in the pectoral muscle 
of a pigeon, and carefully removed the iiitegumenta, intro- 
duce a filament of the nerve of the rheoscopic frog (67) into 
the bottom of the incision, and let another filament touch 
the sur&ice of the muscle ; the musclea of &b frog imme- 
diately evince the presence of an electrical current through 
the uerres. Matteiiooi calls this a muscular current, it is 
observable in all animals, and is sensible to the galvanometer 
when delicately constructed. This current is also piio- 
ducible by means of a muscular pile made up of muscular 
portions of the lower limbs of the frog, or the muscles of 
other animals of difibrent dasses ; this muscular current is 
fi>and to he more feeble in the muscles of animals elevated 
in the bcoId of beings. iErogs and fish evince the presence 
of a current several hours after death, but in the mam- 
malia and birds no current arises a few momenta after life is 
extinct. The source of this current has been referred to the 
chemieaE action of the nutrition existing in the muscle ; the 
blood, charged with oxygen, in contact with the fibre, con- 
stitute the elements of a pile, and correspond with the acid 
solution and y.iiic of the ordinary apparatus. 

231. It may not perhaps be undesirahle to refer here 
more especially than has been hitherto done, to the elec- 
trical organisation of the torpedo, and other of the electrical 
fiali. We have already seen (1), that the two opposite 
surfaces of the body of the torpedo are the electrodes or 
poles of the electrical organs with which this animal is 
furnished, so that the greatest shock arises on touching the 
back and belly of the iiah. The rheoaeopic limb of the frog 
(67), placed on the body of the torpedo, evinces powerful 
conductions at each shock, and vrill even do so at some 
considerable distance, provided the fish be placed on a wet 
E 3 
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cloti], evidently showing, as in Galvani's original obaerr^ 
tion (5), the presence of electricity. The direction of the 
current, which thus gires origin to the numbing aeneation 
experienced on touching the torpedo, ia from the back to the 
belly of the fish, and proceeds from two peculiar organs 
found on each side of the head and gills, extending to the 
great fin and cartilage below the thorax or chest. These 
organs are composed of several hundred prismatic masses, 
set closely together like millet-seed, and consist of small 
hexagonal or pentagonal columns placed side by side ; the 
entire organ resembles the cells of a honeycomb ; the 
columns are arranged vertically, and are supplied with a 
profuse ramification of large nerves. The honeycomb cells 
are filled with a dense fluid, consisting of water, albumen, 
and a small portion of common salt. Tolta considered this 
structure as a perfect electromotive pile, which the animal 
rendered active at will, by compressing the columnar 
structui-e, and establishing contacts with the fluid of tho 
apparatus and the skiu. 
The annexed diagram (fig. 
82) will serve to convey 
some notion of the torpedo. 
In this diagram a h and e d 
are the exposed electrical 
organs. 

232. Tho shocks pro- 
duced by these organs ap- 
pear to be under the control 
of the animal, through the 
medium of a certain portion 
of the brain. If we touch 
some portions of the brain, 
no shock ensues ; but there is one portion, termed by 
Matteucci the "electrical lobe," which on being touched 
excites the electrical organs, and affects them either on 
the right or left side, according with the corresponding 
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dde &a lobe toudied. We may remore all the o&tt 

lobes of the brain without disturbance of the electrical 

functions ; but if this fourth lobe be torn or destroyed, theu 
the numbing power of this -n-onderful fish ia no longer 
apparent. Tiie annexed fig. S3 is a. diagram of the brain of 
the torpedo, in which c is the cerebrum, o the optic lobes, 
E the cerebellum, and E the fourth or electrical lohe, upon 
which llie power of tlie fish is dependent. 

233. Almost the whole of the gymnotua (2) is Fig. 83. 
organ. The vital parts of the fish, that ia to say 
all the viscera, being packed close behind the 
head. The upper part of the rest of the body 
consists of back bone and muscles, below which, 
eitendmg for about two-third8 of the diameter of 
and the body, is the numbing apparatus; this 
consists of two pairs of cellular columns — one pair 
on. eadi side — a Isi^er and smalleor, they are {daeed one over 
the other. The small animal p<»rtion of the fiah is so coo- 
trired as to support wid sustain this gieat electrical organ; 
the cellalar stnictaro of Trhich it conmsts is simple, hax^ » 
series of long septa or Sat partitum membrane crossed by 
thin memhranooB plates, there ia a regular series of these 
faransrerse platea extending from end to end between the 
longitudinal aepta ; Hunter counted no less than 240 to tfao 
inch, so that what may be considered as the electrical aurEace 
ia vastly multiplied. The organs diminish toward the t.all of 
the fish, and constitute an extremely powerful apparatus for 
offensive or defensive purposes. About five kinds of these 
electrical fisli liiive been discovered; and a species of 
electrical organ has been further detected bj Dr. Stark 
in the tail of the common skate.* The following fig. 84, which 
is also a mere diagram, may be useful in afin)rding some 
notion of the structure of the gymnotus, aa just described. 
In this diagram the small portion s represent the head and 
body of the &fAi ; a is l^e snail aad b tiie lax^ electried 
• sahib. -Phit Jmmul, JjHj, ISSfi. 
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organ of one side, placed one over the other, and extending 
from the bead downward to the taiL 

Fig. 8*. 




234. Ifc would appear then, from these facts, that although 
no immediate and direct electrical organs, such as we have 
described, have been found in the higher orders of animals, 
yet ifc is not impossible btit that other kinds of oi-ganised 
stractorea possessed hy them, may be susceptible of electrical 
exdltation of a modified kind, of vast influence in the animal 
economy; and we have yet to learn, how far the many 
wonderful impressionB made by Tarious feelings of the mind 
upon the whole animal frame may not originate, and be pro- 
pagated through, the medium of the hraia mi the nervous 
system, either by voluntary or involuQtary action, much in 
the same way as the electrical lobe of the brain of the 
torpedo gives enei^ to its electrical oi^;aDS. According to 
Mr. A. Smee, !FJLS., who haa recently pablished an inte- 
resting, olthongh somewhat speculative work Tebtiive to 
this subject, mm is a mere bundle of voltaic mechanism. 
What ire term life ia virtually a aeries of changes of various 
kinds and forms in the matter of which he conusts — such, 
for example, as nutrition, assimilation, growth, reception of 
impressions, together with the action of the senses, of 
memory, reason, thought, &c. Life is no independent 
reality, apart from organisation. "VVe have here to study 
forma of voltaic combination conaisting of membranes and 
lluids. In animals we trace the existence of a central and 
peripheral parenchyma supplied with bright arterial blood, 
and a connection between the two composed of nervous 
libre. The central parenchyma conetitutes the brain in the 
higher animals, and the ganglia in the lower. The peri< 
pheral parenchyma comprise the organs of sensation and 
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motdoQ. By this apparatus we rec«ve impreBsioiis from the 
external world, and ttanBmib them to the l>riuu which 
Tegistera and combines them.* 

285. We are indebted to Af. Da Boia Beymond for a large 
amount of new and valuable information relative to this 
most inberesting question, of what may be termed electrical 
vitality. This philoeopher having observed that the rheoscopic 
limb of the prepared frog (G7) is only niVi'cted at the iiiiitant 
of making or breaking the current force, was led to infer 
that the muaciihu- conLraciious depend more iiii mediately on 
variations in tlie strengtli of the curreut ; under currents of 
uniform force the animal fibre is tranquil, hence the escita- 
tiou of the motor nervea depends on variations iu the current 
power from one instant to another — the excitation being 
greater the more rabidly or suddenly Buch variations take 
place. Sennent nerves, on the contrary, are not only affected 
bj changes in the current, but continue to be aflecfced 
during its continuance. M. Du Boia Beymond has shown, 
by a delicate and capital series of experiments, that the frog 
current (230), is really identical with a mu&eular current 
common to the muscles of all animale, and which he has 
made evident through the inBtEomentalify of hie beautiful 
rheoscope (100). When contacts ate made with different 
points v£ portions of the musdes of recently-killed animola, 
the needle ^moat invariably io^cates the presence of 
current electrical foroe, more especially when the imtrument 
is under the influence of contact with a transverse and 
longitudinal section of a moscle. Similar results ensue 
when transverse and longitudinal portions of a nerve are 
brought to operate upon the rheoscope in a similar way. 

236. Ifc has been inferred from these very delicate and 
beautiful expL'rimental researches, that the brain, spinal 
cord, iuid nerves, together with the muscles of animals 
generally, are all endowed with electromotive power; the 
longitudiual sections of the muscles and nerves being 
* Slementaof EleotrD-Kologf. 
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poBitin, and tbe taBuvene sectione negatare; tbtt ^ 
eiBTeiits tbas uiificiaUy obeerred, a» to be oonsideted oufy 
as portions o£ more intense oixreata cucnltiiag in Uie 
interior of the gmenti mnscaUc and nenrooB qrstem of tbe 
animali 

287. idtliou^ v. Pa Boifl IB^jmond's inrestigatiMui ate 
mofft follj entitled to tlie confidenoe of the sdentifio v<aid, 
from the Burprising skill and care with which bia experiments 
have been condueted, yet the student should underBtand 
that nothing short of a similar perfect manipulation will 
enable him to pursue experimentally this very interesting 
and excitiug question relative to the connection subsi&tiDg 
between vitality and electromotive power. 

In the employment of the rheoscope (100), tbe electrodes 
leading to the coil should consist of plates of platinum, and 
it is further essential that these plates be perfectly homo- 
geneous, the least difference in them will alone cause current 
force BufScicnt to influence tlie needle, so that wo require to 
be as much on our guard in such experiments againat de- 
ception as in the use of the electrical condenser aud doubter 
(66), The precautions of M. Du Bois Keymond to avoid 
errors in his experiments were almost unlimited. Tlie 
pUtinnm plates were &tub cleansed with alcohol and aul' 
pbaric ether ; tben they were washed dean in mtro-monatio 
acid, tben in distilled water, lastlj they were heated to 
incandescence. 

238. His mode of using tbe iheoscopeiaaaf(dlows:"!l^ti- 
nnm plates duly prepared being placed in communicatuHi'w^ 
each extremity of the coil, are covered with blotting-p^po; 
up to the intruded line of immersion, and plunged simuita- 
neowsly into opposite vessels of porcelain or glass, filled 
with a saturated solution of common salt, tbe circuit is 
completed between these vessels through the medium of 
cushions made of fine layers of blottiog-paper saturated with 
the salt solution ; these omhicma rest upon the edges tbe 
gjlass Tefisels, and also iqion little blocks of wood, within; 
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the portion of muscular fibre, oc otber animal part, tiie 
Bubject of experiment, is placed between these cushions 
whitdi project a little beyond the glass.* 

289. Soch appears to be the present and more recent state 
of tlie question of animal electricity aa compared with t!ie 
TieWB first entertained ; and which certainly entitle it to 
bigli consideration as a branch of experimental science upon 
other theoretical grounds than those so Bummarily disposed 
of by the experiments and researches of Volta. 

240. Having thus far discussed and explained the general 
phenomena of galvanic and voltaic electricity, and traced the 
march of this most important branch of physics from the 
time of its earliest history to the present day, it now only 
remains to advert briefly to some of those astonishing appli- 
cations of its principles to the great practical purposes of 
Ganliaed life. The first to be noticed, and certainly the 
most astounding in extent, is the application of conrot 
magnetic force (IM) in, th&tnmsniBraon ofinfermatiw and 
thonght, tbroagh almost unlimited diatance, and by whieh 
the most remote portions of onr glabe are like^ to beoome 
placed, as it were, in speahing oranmonicadon mth each 
other. This application of current faroe to telegraphic 
communication rests, as may be at once pwceired, on the 
general principles and phmomena treated ^ in Cbt^ter YII. 
Electro-magnetic cnrrests transmitted between the opporate 
poles of the pile through conjunctive wires of en(n*mx)UB 
extent, are employed to deflect magnetic needles at a dis- 
tance of hundreds of miles, so aa to be available as alpha- 
betical signals determinable by tlie direction in which the 
needles are deflected (200). By a rlieotomic arrangement 
(106), the actual letters of the alphabet may be brought 
under the eye of a person, &om almost any distance, and tlffi 
transmitted ccnmnumoation at once ptiuted off and zeoofded. 

* The reader wfll find a mmata deacnption of the whole pneeaa of 
muiipiilatlaD, in & volnailile Ihtla work bj H. Benea Jaaw, U.D., 
P.R.a, &0. 
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Sooh ia the extent to whicli tLds practdcal application of the 
power of the pile is now beii^ carried out, that telegraphic 
Bubmariue cables are laid down and in BncceaeM operation 
acroes Tarious straitB and seas, end will, in all probability, ere 
long, traverse the bed of the great Atlantic from the west 
coast of Ireland to the mouth of tlie St. Lawrence. These 
conjunctive wires arc seen stretched between standard posts 
along our Jines of railway, and are, of course, familiar to every 
traveller. They extend from stu,ti(in to station between the 
poles of voltaic batteries in each, and are so arranged as to 
admit of the current passing forward and backward between 
any required points. Jt is only requisite, as may be inferred 
from the phenomena of the circuit (96), that the line of 
conduction be complete in all its parts, so that tlie cur- 
rent may be enabled to set out, as it were, from one pole 
of the battery, and, after circulating by means of tho con- 
junctive wire through any distant station, returu to the 
other pole. "When the wires are sustained in the air, as in 
the telegraphic arrangements of the railways, the return part 
of the circuit is effected . by the agency of the ground or 
earth, which is found sufficiently conducting for that put- 
pose. The Toltsio batteries commonly employed in tbia 
country are for the most part anch as we have described 
(68) (72), being common CruiokshankB* or 'WoUaston's 
Batteries, with amalgamated zinc plates. They are made 
active by filling the cells with fine sand, saturated with dilute 
sulphuric acid. Tho conjunctive or conducting wires are 
usually of iron, coated with zinc, and, as just observed, are 
either supported on insulating posts in the air, or othenrifle 
encased in gutta percba, or other effectually insulatlog sub- 
stance ; and, being duly protected, are carried under ground 
or over the bed of the sea. The great transmarine telegraphic 
cables consist of bundles of conjunctive wires of enormous 
length, each wire being enveloped in a thick covering of 
gutta percha, and protected firom darangement by incorpo- 
ration with a stout cable of iron wire. Thus sufficient 
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Bbengtli ia obtuned to cesisfc the opefation of tlio mceliAiiionl 
forces to wliioh BQch a cable, in various nays, is necessitrily 
exposed. The public are indebted to Messrs. Kewall & Co. 
for this fine electro-mechanical arrangement. By means of 
these cables, the English and Irish, ehaunela, and a great 
jiumber of otlier straits and aeas, are already succeBBfuUy 
creased by telegrapliic communication, and there is little 
doubt, before many years elapse, but that Europe wil! be tele- 
graphically united with the African continent through tlie 
Mediterranean islands, and eventually with India and the 
great Americaa continent, bo that its capital cities will 
i-eceive or transmit informaticm from one to the other, and 
extend their communication to the most remote ports of our 
globe. 

The mechanical arrangements by which these several com- 
munications are finally perfected and carried 'out, will be 
found of the moat inteavstmg and beautiful description. By 
the rheotrope arrmigement (211), the agent who trauBmite 
the signals at our rulwi^ stataons can turn the current in, 
any req^uired direction, so as to traveiBe what is termed for 
distinction's aake the "np line" <xe the "down line," either 
to any given station, or through the entire length of the 
whole extent of the circuit, or he can suspend oi transmit 
the current at given intervals of time ; moreover, he can, hjr 
means of the easns mechuiieal arrangement, Bet in motion an 
alarm apparatus, through the iostnimentality of on attractive 
force, developed by electro-magnetic actbn at the given 
distance in soft iron, and by which the attention of persona 
at a given station is immediately called to the approach of 
fcigiials through the magnetic needles to be deflected by the 
cieetro-maguetic multiplier in certain directious (9G) ; being 
the alphabet and language in which the telegraphic message 
or information is virtually written. 

241. It would be an ungrateful omission in any notice of 
electio-telegcaphj, however brief, not to acknowledge the deep 
obligation we are under to ProfesBor Wheatstone, B. S., 
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tiirongli vBose great ezeitioDB and fine xesearcheB and 
bamiaoaB at Ehig's O^iUege, Ziondoit, we tmuBly owe ibe 
pMBoit advBneed state of tiiu mmdeiM applicatioD of 
onirent &rce. Befijte a mile ttf tdegtapfaic eommiraicatitm. 
liad been ever laid down in this eonntiy, Wheatstone had. 
proved the possibility of transmitting Bignale through man^ 
miles of conjunctive wire ; had ahown how, by a rbeottmiic 
apparatus, any given word nught be spelled by successive 
letters, and brought under the eye of a person at a distance, 
had contrived the distant alarum set in motion by electro- 
magnetic action, and had, in fact, developed and laid down 
all those great practical elements upon which telegraphic 
communication through the agency of the voltaic apparatus 
is BO entirely dependent. Many other persona there are, 
undoubtedly entitled to a large share of public gratitude in 
the further prosecution of this department of practical 
science, aa may be seen in the many ingenious mechanicat 
arrangemeuta of Cook and others ; still, however, we are 
obliged to confess that the great first step in electro- 
telegraphy in this country originated with Wheatatone in 
the precincts of King's College. 

242. The operation of current force in magnetising iron 
and other metals, and the dis^paaxauee of the induced 
mag^ietio state dtrectlj- the ooirtQt ceaeee (20S), has been 
i^irtifaer applied aa a soorce of mechanical power in the 
constmotion of dectro-magnetic machines or engines. Such 
maohioea d^end on a rapid change of polarity in masses of 
iron fiorrounded by spiral coila (211), by which they are 
caused to altOTnately attract and repel other eiecixo-mognets; 
or otherwise by a rapid magnetising and demagnetising of 
iron in a similar way without any change of polarity, and 
by which an attractive force is brought to bear upon other 
masses of iron, tho attraction being operative in pulling 
them forward, but no longer. In either case the moveable 
masses are fixed to the eb-cumfereiioe of « wheel, and 
wheel is so plaoed ae to admit of the action of ibe foree 
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upon the eitremities of the radii, hj "whisli a rotatoiy 

motion ia obtained. 

243, Tlie cliemiciil powers of the pile have been ftlao 
productive of very ■n'oinlerfiil results, more espet'ially in their 
application to the arfca and to the puqiosca of tiviliaed life. 
Mectro-metallurgy, comprising the processes of elect rotypiug, 
electro-plating, and gilding, ia a branch of practical science 
of the utmoat value. These proccascs, as may be inferred 
from the phenomena of metallic deposit already illustrated> 
(146) Exp, 18, are baaed upon the reduction of metala from 
solution by aecondary action. The idea, liowever, of giTing 
to tke metala bo reduced, a certain form and character, ia of 
comparatively recent date, and originated with Jacobi of 
St. Petersburg, and Mx. Spencer of tbia country. We see 
ia the operation of a Booiell'B battery (76) witli wbst 
rapidity copper ia depcwited at the catiiode out of the Hquid 
solution by which the hitixaj is rmdered active. Now, 
when metals ore so depoeited tmdei cerbun conditbns, the 
d^osited metal asBumeB witb astoniahing exaddtude tho 
form of any hody xtpoa which it settlee, and hence becomes 
moulded ob it vexe to the giren aubatance with so much 
fidelity aa to become identical with it after removal. The 
art of tliua producing copiea of coins, medals, &c., in metallic 
deposit liaa been termed on the Continent " Galvanoplaatic," 
or in this country "Electrotype." By tliia ingenious art, 
faithful copiea in metal, of statues, bas-reliefs, medals, 
medailions, Ac., nrc succeasfally obtained. Great difficulties 
would at lifst nccesaarily ai-'im in the progress of such an 
art; very reilucd means of detaching the deposited metal 
■withont damage would be requisite, as also ibrthe formation 
of moulds of various kinds, and the production of faithful 
imprints of l.he given subject ; ail these difficulties, howerer, 
have been so completely met, as to enable ua to obtain in 
metallic relief exact imitations of the Sneet works of art as 
may beeeen in almost erraypubliemnseum. forezample, 
we would copy a fine medal, we may impress it upon a mould 
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of Botne Boft sabstanoe, siioli &8 -wax, sulplrar, or plaster, uid 
tlien, haviEg brushed over tbe mould witb a little black-lead 
wetted with rectified spirit to render it sufEeicntly con- 
ducting, we proceed to immcrae it iii a metallic solution 
under the influence of the negative pole of the voltaic appa- 
ratus (1G2). Ill a short time the mould hecomes covered 
with metal, which being allowed to deposit up to a given 
thickness, is removed without much difficulty, and we have 
the impression required. Such is one of the means employed 
in the application of the Toltaio apparatus to this kind of 
metalloi^jr. 

"When, instead of the metal being removed after deposit, 
we ftesire it to remain, bo as to cover the given mould mth 
a new and permanent sur&ce, xre arrive at the valuable arts 
termed "elecko-plating," " dectro-gilding," Ac., by whicli 
the inferior metals virtiially acquire all the practical value of 
silver or gold. la this way articles of domeatio use, such 
as tea^uruB, tea-pots, Ac., or otherwise basket, branchea, &c., 
brang first formed of an inferior metal after a given pattran, 
may receiTe a sur&ce of nlver, finally constituting an 
article as efficient and of as much practical valne as 
the same in entire silver. The IMessrs. Elkington, of Bi> 
raingham, hare been especially fortunate in perfecting tbia 
process, and have, in consequence, obtained patent rights 
for their methods of manipulation. 

A.ny metal may be covered with another metal, through 
this wonderful agency of the voltaic apparatus, so that 
articles manufactured of wrought or cast iron, may receive 
an exterior close coating of zinc or coppor,-— even common 
cloth may bo coated on one side with metal. 

244. It would lie foreign to the purposes of a Eudimen- 
tary Treatise such as tiiis to enter into the details of this 
branch of practical science, together witii all its various 
ramifications ; we can only call attention in a summary and 
general way to the residts arrived at, and the principles 
from wbieb they^are derived } we muet, tberefore, be content 
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in concluding our notice of electro-metallurgy with a brief 
allusion to tlie recent arts of " galvanography " and " electro- 
etching," In " galvanography," plates fit for printing from 
are obtained by writing with varniah on a metallic surface 
and then depositing copper on it, so as to cover the given 
Jines. In "electro-etching," the design is traced on a 
metallic plate through nn etching ground of vamiah — the 
back of tlie plate is likewise covered with varnish. Tiio 
plate is then immersed in vrhab is called a decomposition 
cell, containing a liquid solution, which, under tho influence 
of the voltaic battery, can act on the lines of exposed 
metal. Thus we may etck on iron with a solution of 
oommon salt ; on silver with a solution of sulphate of silrer, 
and 80 on. The experiment is so disposed, and the con- 
nections with the electrodes of the battray are such ss to 
effecb the etdiing at the anode, that is at the positive side 
of the apparatus. 

245. The art of dyeing, we may &rther ohserre, has also 
received singular assistance from the chemical powers of the 
pile, as may be seen in the process of dyeing in figures upon 
cloth, constituting a species of electro-Gslico-printdng. In 
this process, the required pattern is engraved on a metallic 
block, and the cloth wetted with a weak acid solution. The 
cloth is then placed on a sheet of tin-foil, or other conduct- 
ing surface. The metallic block is now connected with the 
positive electrode of the apparatus, and the iiutbil with tho 
negative electrode : directly the eiigrnvcd metal-block touches 
the acidulated cloth, the exposed portions of ita metallic 
Ein'face are dissolved and incorporated with tho cloth, thereby 
impressing on it the given pattern in metallic solution j the 
impressed pattern is now passed into the ordinary chemical 
re-agents or dyeing liquid, and we have the required colour 
produced. Thus if the metal be iron, and the cloth wetted with 
dilute muriatic acid, we have the pattern deposited in muriate 
of iron, which if subsequently passed into a bath of pruasiato 
of potassa, will produce a pattern of a beautiful blue colour. 
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246. The heating powers of the pile (166), Chap. VI., 
do not appear to have been as yet succesafully applied to 
any great practical end, except aa a means of blasting rocks, 
or of obtaining distant explosions of iniiammable matter 
either on land or under water. This is effected by passing 
an extremely fine and short piece of platinum wire through 
the body of the charge contained in a water-tight cartridge. 
AVhen the current is caused to pasa through the cartridge 
by any of the conjunctiye wire arrangemeatB already 
noticed (240), the fine wire glows with a red heat (169), 
and immediately sets Ere to the charge. 

It is by no means improbable, but that some great 
advance may yet attend future discoveriea in the application 
of this power of the pile to the ordinary purposes of life. 
"We Iiave seen, f(fe example (169), Bsp. 26, that watw may- 
be made to boil througb the iurtmmeQtalUy of a metallio 
wire passed tbrough the vessel ia which tbe watev ia eon^ 
tained, the wire being heated \^ the voltaic diadiu^. 
Steam can certainly be thus generated without the aid o£ 
common fuel, and may be the germ of some expanded 
process leading to vasi practical consequences. The heatiog 
powers of tbe pile have been also usefully applied as a 
means of scientific research and the fusion of rare and nn- 
tractable metals in small fragments (166). Yaluable ap- 
proaches have been also made in the application of the 
heat and light evolved by charcoal points to the lighting of 
streets and public buildings, based i^on the experimenta 
before siven (119). (166). 

247. finally, we have to notice the application of galvanic 
electricity to the cure of disease, from which, considering 
the great chemical and other extraordinary powers of the 
voltaic apparatus, we should expect to derive most important 
consequences. In this application of the pile, however, we 
have certamly not as yet obtained that marked sac^ea 
which might be reasonably an^dpated. Both common and 
voltuc electricity appear to poasess no apeciSc power att 
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medical agents beyond that of local or general stimulants. 
If the voltaic current could be directly applied to the 
excitation of nervous power (134), if; is certainly possible 
that, under judicious mnnagemetit, some advantage may 
result, more especially in cases of suspended animation, as 
already observed (136) ; and it is, perhaps, more than pro- 
bable that fatore researches may yet develop methods of 
application of this agency in the mitdgation or cure of diseases 
as yet little contemplated. The present modes of applica- 
tion consist principally either in the direct action of the 
ordinary battery, as before explained (136), or otherwise in 
the operation of secondary action through the instru- 
mentality of coil macliinea (222), which are so contrived as 
to regulate the power of the current forco to any required 
degree, and for vfhich Hearder's medical machine (222) is 
especially adapted. "W^e are thus enabled to transmit 
current action between any two given points of tlio surface 
of the animal body, in the direction of certain nerves or 
muscles, or in the direction of the organs more especially 
connected with esistence. As alreiidy stated, however, wo 
have as yet to encounter a most pntieiit and energetic 
course of experimental inquiry before we can hope to derive 
much real advantage from voltaic electricity as a medical 
agent. 
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Up to the Manofiiotui'e Paddle Bin, bout upon tlu Atomio S;item of phllmoplir i 
the GleiiienU opsnitod upon being estimated Roowdlug to Dr. Wotluton'a &;diogoiL 
Scale of £qulTBltnU } emnprtdo? tngeeMoat rtWHn to Imporbrnt Imiirovemenu in 
theMtmabetareafbathbat and Steel, Mid tiw eondoat of Exton^Te lion irorlu ; 
viOi AnsljUcai Tables of Iron.mahlns Uiterlali. 



Ev SAMUEL B, ROGBB^ of Nant-y-Gto, 
In ng.Panaixi, ud of the preient a^tom of pre- 

i^<:a. Ill DouNe 01 eiugle Oven*. 




FYITE'S BtlLES FOB SBAWTHQ. 

PRACTICAL rules' ON DRAWING, 

FOE THE OPERATIYE BriLDER AND YOUNG STUDENT IN 
ARCmTECTUKE. 



Bt GEOBOB TTSS, 
Aulhot of " A BadimentU7 TicktlM oo Fcmpeotlre fbr Begtnnva." 




DOBSON find eABBETTS STUDENTS GUIDE. 

In Oiifi Vol., 8to, trtra chili, Si. 

THE STUDENT'S GUIDE 

Ti) TJjL rr.Acrici: of i>i --KiNiNG, mk.vsuiung, and YALDISO 

Alii il- 1 cms' WiJllKS; 
Cui>t:i[innj; dil'ccliuiia for takmg DimcQsions, alistractlns the same, and bringing tlio 
Quantitii-^ into Bill; with Tables of Constanta, and ooploos memoranda for the 
Vnluntion or LaboDT md Matulala io. the re^eotiTe trades of Bridtlayer and Slater, 
c^irpciuci' und J^er, Baw;*r, Stooemuen, Flatterer, Smith and IronmraiKer, 
I'lumbor, Fainter and Glazier, FaperJunger. Unth 4> idatee and woodcuts. The 
Measuring, Sic, 

£dit«d hs HUWARD DOSaOir, AnUtoct awl Soxvqroi; 
Sccoiul Killtion, idlh the AddUtons on Deriens 

By £. LAOT SABBBTi; Anfaiteet; 
TOK'tl'cr >rilh Table* tor Bquriug and CnUiiB. 
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COZUSXS, TECUS, AHD 000X117 HOVSBB. 

/n4(o, 67 ritti(^ 11. 1,. do», 

DESIGNS AND EXAMPLES OF COTTAGES, 
VILLAS. AND COUNTRY HOUSES. 

Bcdng tlu Stndin oC Eminent Architects and Bnildcrs, condGting or pUns, elenttione, 
and penpeetiTe Tiein ; ntlhappToiinuta Eitimatei of tbe oost of eieb. 



HYDE'S TSX£ BOOK FOE ASCBITECTS, ENQHTEEBS, SITBTETQBS, Ac 

in On* IiHUW ISicl- I'ol Sco, icifJi iii!i:ifroiu K. Ss. 

A GENERAL TEXT BOOK, 

For the conBtont Use and Ucffii^iicc of Arc!i!lcet=, i:nii]iccrE, Siirvcjois, Sulkilorf, 

oeciipatioiia ; and for the a5.-,ii-t;iiici; :imi [ii.iUj;;i.i: ot cimuEi-y gnillcmcn and olhf« 
engaged in the Traiiffcr, II .111:1 ;!cmcHt, or Imiirovcnieut of Liiiacti I'ropcitv, con- 
taining Tbcortn.s iiiniiulii?, lluioa, and Tablea in Geolliclry, Mri-.Miiiili.iii, iind 
Trisonomctry ; Land JIi-;isiirinp, Surveying, and Lcrclling ; llailwayand IlydiMQlit 
Engineering ; Timber Measuring ; the Valuatlnn ot ArtUloers" Wurk, Instates, Lcfiic. 
hoids, Lifcliolds, Annuitiea, 'lillagca, Fatmiag Slock, and Tenant Itiglit ; tlie Amcis- 
meat of Fariahee, Uailiraya, Gas and V^atCT Worka ; tho Law of UUapiditdonE and 
Nnlsaneec, Appraiaementa and Auctions, Landlord aad Tenant^ AgreemcnU, and 
Leases. !Cqmerirfth Examples of TlUasanctCaiintrrXtonaM. 

B7 BDWABD RTDE, Civil En(^neer and Land Smr^, 
Antbar of sereral FrofeflsloDal Warka. 

To -wlilch. aio added eeveril Chapters on Agriaoltnro and Landed P rop er ty, 

By Professor Domalbsos, 
Author of BCTcral Works on A i,ri culture. 



CblV-JLVl. AltillCCI^ WOClL.-tlllll'-Al'u. Vl 



'WHBBLEB'S ATFCnomXBB>, ftc, ASSISI&ST. 

S4mo, cloth Soanfj, 28. 6d. 

THE APPRAISER, AUCTIOIfEER, AND 
HOUSE-AGENT'S POCKET ASSISTANT, 

For the Taluatios, piudUM, and the renswins of Lcoio, AtmtUtin, BerenlonB, 
and (dT Propertr generaOy ; price* for inTentoriei, irith a Qnide to deteimlne theTBhte 
of tttt inlmioTi, fitttngs tBTDltoia, &o. 

By JOHN WEBBLBB, Tdtw. 
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WOEKS PUBLraHED BY lOCKWOOD k CO. 



XEMFLETOH'S WOIt£SEDF COMPANION. SIXTH EDITIOH. 

THE 0?EB.Aiiyi^''ME(MTmC'S WORKSHOP 
COMPANION, 

And THE SCIENTIFIC GENTLEMAN'S PEACTIC4L ASSISTANT; comprisinff a 
grett variet; of tie most uiefal Rules in hf echuilcal Science, divested of matlicnuu 
ticol GDiupluity ; iritli nnmcroiu Tablu of PrB«IieBl Data and Calonlated Besuit^ tor 
tcuaauUag MechBDloal. and Conunenlal Transaotlaiii. 

■ By w. immmoN, 

Autlun' of "ThBEngtuea'aCDmiiKiiiJIaM Book," Ae. fts. 
Sixth edition, irltli eLaren plates and tha oddiHon of Uechnnical Tables for the nia of 
Opccatlve Bmitlit, Uillirriihts, Engbieen, fte., and practical dtrectioni for the 
Smelting of Mctallio Ores. To -vhiob also han be«n now added aereral useful and 
pmctlcal Bules in HydianUci andBTdnidfiiamlcs, and an acoouiLt of Dnndas's Btesni 




XHB •BBSS SOmaXB IBTCB BOOK. 

Fiurlk EdUion, in l2mo, eW* hoanh, Idlend, ia., 

WBALE'S BUILDER'S AND COKTRACTOE'S 
PRICE HOOK. 

PuTiliihed Annuaiij'. Containing liio I;ittjt inicps for work in nil truntlies of tiie 
Building Tiade, with items nimibcrcil im ciisy ii'furcncc ; and on Appendix of Tabks, 
Notes, and Uemoranda, arranged ta afl'ai'd ilctiilod inlormiition ConuDosIj reqnirod 
In preportDg' Estimatea, Sx., for liuildcrs and Ciintractors of FubUc Works. 



WIGHTWICK'S HINTS, 

Wilknumsnu.' Wa'AcitU. 7fl Sec, erd-a c;o(i, lol> t,hji, glU,lil„ 

HINTS TO YOUNG ARCHITECTS. 

ComprisinR Advico to taofc irlio, -.Tlii'.e yet nt "shoul, oto dcsliiii^d to the profession ; 

completed their eduuiluJii, arc about \o iincticc : together with n MoJulSpeciflcation ; 
Inwlving a groat vodety of instructivt and But'KOBtivc matter, enlenlnted to facilitate 
their praotical opcintionfl ; and to direct IIlcili in flicir c^ncbiel a? the responslbla 
agents of their employers, and ns the lightful judjca of n contractor's duty. 

By GEOEGE WIGHTWICK, ArcMtect, 
Aulkor of " The Taloee of Architecture," &o,, &c. 
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TEEDGOLD'3 CABPENTItY, FOTTETH EDITIOII. 

/n Om largi Vol. 4lo.. 11. i.x rrtra rMh. 

THE ELE5IENTAUY PiaXCIPLES OP 
CAi;i'KNTl(Y : 




THEORY OF COMPOUND INTEREST AND 
ANNUITIES, 




14 WORKS PtftLISHBD BY LOOKWOOD b CO. 



WEALFS ENQDTEEB'S FOCEET BOOK, 
FilA 8 coppir jUata, and mmtroiu Ko^devts, in roan ivet, St. 

THE BNGINEBE'S, ARCHITECT'S, AND 
CONTEACTOE'S POCKET BOOK. 



PVblbhed nnnnallj. 'With Dual of Emrrt and DjtTA connected vltk Enitiweiing', 
Architecture anil llie kindred ScUneeB, professionally ind otherwin rcriMd. 




ME. WBALE'S SEEIES OP 
RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL WORKS, 

At pticeB Tarjing from ](. to 2f . td. 

Litlt may he had on <^lieatum U> HEsnts. LdCKVOon & Oo. 

%• This excellent nml liiii aortiiTiarilv clic^p series of Looks, now cnnipri?ing 
upnanlBof 150 (iiffcvcnt ivorka.'m aliuost every (iep.irtTn,^iit. of Kcieiice, 
Alt, and Edac^tiiiu, is strongl; recommouded to llie notice of Meclianics' 
JiistittilioDS, Ltterar; and SoieutiSc Associitiona, Free Libraries, Coll^;«^ 
BohoolB and Students generalljr, and also le Marcbaata, Shippev% &o. 



Digilized by Google 



CATALOGUE 



EUDIMENTAII, SCIENTIFIC, EDUCATIONAL, AND 
CLASSICAL TOEKS 

COLLE&ES, HiaH AND OEDINAUT SCHOOLS, 
AND SELI'-INSTEUCTION. 

HECHANICS* IITSIIIUTIONS, FREE IIBBABIES, &o., &c 



MS. ■sm.iE's 

SERIES OF RUDIMENTARY WORKS 

FOK THB USB OF BBQINITEES. 



LOXDON : JOHN WEALE, 69, HIGH HOLBORN. 

TTHOLESALE AGENTS, LOCKWOOD & CO., 7, STATIOSEHS' HALL COOUT, E.C. 



The sereral Setin are amply Ulustratpd, in dymy 12mo., eaeli neatly tound in 
oloth; Mid,f]rtIieo(mTenieiiceof purchasers, tlisEubjocts are published separately 
at the following prices ; 

1. CHBuisTBT,byFrof.Firwnea,FJUS.,iiioliidiiigAKricuItiinaCIi9iiiB^^ 

for the use of FormerB ......... Is. 

2. Natural Philosopiiv, by Charles Tomlinson It 

3. UEOLOr.Y, by Major-Utn. i'ortbcli, F.B.a., ftc. . . , U. Od. 
i, 5. ili^ERXLOOY, 1^-itliMr. Dana's additiona, 2Toli. in t . • • 2«. 

6. Mechakjcs, by ChatlesTomlinson 1*.' 

7. Sutonaam, bj Sir If^iUiun Soow ^rds, P.B.S. . . . 1$. Sd. 

7. * to OuTAinBH ; Atmuii jun> Vociaio Eixermbm ; Treatlfla on 
theGeneralPriiidpleBofQalTaiucScienceibySirW. SiinwHamg,F.It.S. 1». W. 

8, 9, 10. Masnetibm, Conciao Espoaition of, by the same, 3 vols, in I. 3t. ©A 

11, 11* Ei.ELTkiuTKLix,itAi'H, HLtury oniic, by E. Highton, C.-E. . . 2s. 

12, P-iEDMATiR^, l,y Chalks TumUu^on U. 

13, li, 16, 15.* CiyilBnoinebsino, by Henry I^v, C.E., 3 vole. ; and 

BupplementbyG.It. BuniBll,O.E.,inlTol. . . . 4f , 6A 
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16. ARCHiXECTtTiiB, Orfcrs of, by W. H. Leeds 1*. 

17. AttcnrrECrruaE, Styles of, by T. Biiry, Atctitect . . , . li. M, 
18,19. AacniTECTOnB,PrjndpIcaofDeMgniii,byB.L.Garbett,2Tols.iiil: 2*. 

20, 21. FEBSFECtiTE, b; 6. Pjne, 2 Tola. In 1 2i. 

22, SuiLDina, Art of, E. Dobwn, O.D U, 

53, 24. Brick-Uaedto, TiLK-UAxnia, fto., Art of, I17 the sane, 3 to1«. 

in 1 2(. 

2S, 26. Masomhy A^D SioNx-cnTTixg, Art ot, by Qie same, vitti illiutta' 

tioQS of the presodin^ StoIi. in 1, bjuesame . , . , 2t. 
27, 28. pAmriNo, Art of, or a QnAuus op CoiOTmma, bv Geoim FMd, 

2Tols.iiil . . . ... . 2». 

29. DsAiNiKa DursiGiB ahd Lands, Art of, bf 6. S. Demps^, O.E. If. 

30. Dairanro ixn ^vaob of Tovkb anb Bimj>iKQS, Art 0^ by the 

same la. 6& 

31. Wbll-sinkinq a>-d Boring, Art of, by G, E. Bumell, C.E. . , 1». 

32. Use of In siitu wests, Art of the, by J. F. Heather, M.A. . . . It. 

33. CoNSTHUCTiso Ckanes, Art of, by J. Glyno, F.E.S., C.E. . . . U. 

34. Steam E.ngike, Treatise on the, by Dr. Lardner 1». 

35. EiASTiNQ Rocks and Quakktikr, and on Stoke, Art of, by Lieut.- 

Gou. Sir J. Burgujne, B.irt., G.C.B., K.E Is, 

38, 37, 33, 39. Dictionary of Teums vaei. by Arcliiteots,^ Builders, Civil 
and Uecbonical En^neers, Burveyors, Artists, Sbip-builders, &c., 
i vols, in 1 • . , . 4i. 

40. QLAsa 6tainiho> Art o( by Dr. U. A. Gessert If. 

41. PAizmNO OK Glass, Easay on, by E. 0. Fromberg . . . . It, 

42. CoTTAOE BuiLDiNO, Treatise on . ! Is. 

43. TniVL.Mi A™Giiii)i.iiBitmGi:!i,uiHl nth t-ra, Treatise on, more paiticu- 

liu-ly dL'Sa-ibiTiij tiii; lirilannin iind Conway Bridges . , . . Ij. 

44. FoL-.vDATioNB, filc , TreutiEe on, by E. Dobaon, C.E 1». 

15. LiM&s, CPMiiKTa, MoKTAHS, CoNCEETE, Mastics, &c,, by G. R, 

Buniell, C,E Is, 

4G. CoNSTHrcTiNO AKD Eepaibikg Commos Roads, by H. Law, C,E, . Is. 
47, 48, 49. CoNSTmrcmoN and IiLUMUfATiojf op LiQHTHorsES, by Alan 

StereDEon, C.E., 3 Tola.inl 3i. 

60, Law op Coktracts for WoaxB Ahb SEBTicsa, by David Oibbons . It, 

61, 52, S3. Katai. Archiieoiubb, Frindples of tbe Science, by J. Feake, 

N.A., 3 vola. in 1 I . . 8*. 

S8*. Latiho OPT Smrs, bdns im introduotion to Oia Uould Loft of Ship 

Building, by James Peake, IN.A. tnd«ii»H .. . , 1«. 6if. 
63", Atlas of large Plates to ditto ditto l».6rf. 

54, Mastino Mast-makimo, and RiQGiNa op Ships, by E, Kipping, 

K.A. Is.ed. 

64". Ibos Ship Building, by John Grantham, N.A. and C.E. . Zs. M. 

55, 68. Navigation, Treatise on ; The SAiton's Sea-book.— How to 

keep the Log and work it ou-^Tjititude and Longitude — Great Circlo 
BaiUng— Lawof Storms and Variable Winda; and aa explanation 
of Tcrma used, trith colonred iUustntticiu of Fhtga . . . 2f. 

67, 6S. yfAsxma and Tzhtiu.tiok, by Charles Tomliiuon, 2 toIs. in 1 . 2». 

69, Stbui Boilshs, by £. Amutiqng, O.E , 1*. 
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60, 61. LASDANDEsBiNBr.iiiKO SDRTEYixa, by T.D!iker,C.E., 2 vols.in 1: 25, 

62. il-ULWAY Details, by Sir M. Sfcplien^on, Vol. I. ... l5. 

62*. Railway WonKi.\G i.v Gueat Britain, St:iLi-tii:iLl Dpfaik, Tablo of 
Capital aail Diviilcud^ llcvenue Accounts, SigniLls, &c., &c., by E. 
D. Chattaway. Vol. II 1*. 

68, 61, 6S. AoRiouLTUBAii BuiLDCfcs, the ConstiucUou of, on IfoUva 
Powera, and the Uaohinerjr of the- Steading; nnd on .A^iaultural 
Field EngineB, Uaehines, and Jm]plemei)U, Ij 6. H. Andrews, 
3 vols, in 1 Zi, 

66. CiAT Laksb im> LoixT Bans, by Praf. Dooaldaon, A.B. , . . 1«. 

67, 68. Clock asb WxicH'Kixma, Ain> oir Chuboh Olocrs, hj £. B. 

DejuBon, U.A., 2TDk.Iiil 2u 

60, 70. HUBio, FracticBl TreutiBe on, by 0. C. Bpcncer, 2 vols, in 1 . . 2s. 

71. FuUfO-FoRTG, InatrucUon for Playing the, by the eaiuc . . .Is. 

72. 78, 7*, 73, 75*. Recent Fossil Shells (A Manual of the Slolhi.-cn), 

by Samuel P.Wooilirard, and illustrations, 4 vols, in 1, Supplement 5s. 6d. 
76, 77. Dmckiptive Geometry, by J. P. Heather, U.A., 2 vols, in I .2*. 

77* EcoNiiMY OF ri:EL, hj T. S. Pridpaux It. 

78,79. Steam as Ai>rLir,i) to GrNrnAi, Fcrfoses and Locomotivb 

E>-oi!iEJi, by J. Si;"-i.ll, C,E., 2 vols, in 1 2s. 

LocuMOTivK ENii:N-F.,;i)y G. 1). Dimp^L V, C.E Is. Gil. 

73». Atlas of Plates to tin.' ..liovo . , .... ■Is. 6d. 

79*». O.s- PuOTOORAriir, Iho Cnmposilinn iiiid rroprrdeH of Hit Clifmiod 

SubEtoucea uGtd, by Dr. H. Halleur It. 

80, 81. Marine Esgkes, akd on the Screw, ^l-., liv E. Jlurniy, C.E, 

2 vols, in 1 . 2j. 6f/, 

80«, 81». EHKAKKiNa Lands fhuk the .Sea, bv Juliu Wiggins, T.G.S., 

2 vols, in I ■ 2s. 

82, 82*. Power of Wateil as Ari-LiED to drive Flovk Mills, by 

Joseph Glymi,F.U,S,, C.E 2s. 

83, BooK-KEEpiN-G, by ,1.i.iioi HaiUlon, M,A Is, 

82", 83» 83* Coal Gas, on the Manufacture aud Dislribullou of, by 

Samuel Hughes, C.E 3s. 

82»«*. Water WonicE for the St.pi'i.t of Cmi-i^ and Towss. Woiks 
which have been cxoeutcd for prncurins- Supplies by nioans of 
Drain Dge Areas and by Pumping fi omWtlls, by Siunucl Hughes, C.E. 3j. 

83**. Construction of Door Locks, with illustraiions , .It.Sd. 

83 (iw). FoMis OF Snips AND ]Jo.*.T3, by W. Bland, of Hurtlip. . . It. 

84, AniTHMETic, and numerous Eiamples, by Prof. J, E. Young . It. Sd. 
Bi*. Key to the above, by the same , . ', 1«. 6ii 

85, EavATioNAL Ariteubtic, Questioiu o£ Xnterest, AiuiuitiflB, £o„ by 

W, Hipsley . 1*. 

85*. BuprLBUENTAKX Tolkmb, TahlM for the Calcaktidn of Simple 
Interest, with Lofuithras £>r Compound lutoreBt and Annuities, 
&e., ftCibyW. fli^ey 1*. 

86, 87. Algebra, by James Haddon, M.A,, 2 vols, in 1 . . . .2s, 
86", 87». Elemests or ALaBitiiA, Key to the, by Prof. Toung . . la. C^. 
88,89.pRiKCJKLEa ofGeometry, by Henry Law, C.E., 2 vols, in 1 . . 23. 

90. Geometry, Analytical, by James Hnnn Is. 

91, 92. Flake mid Spherical Trigonouetst, by the eame, 2 role, in 1 2«. 
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93. MESSVRiTiOK, by T. Baker, C.E It 

fllj 96. LofiAHiTHMS, Tiihles Tor fMcilitsting Astronoiaical, Hautioal, Trim)- 

nomctricoL and Logoritiumc Ciilculatioiis, by H> Law, C.£., 2 vols. 

in 1 2j. 

ee. Popri.iR AsTEOKOSiv, by the E«t. Kobert Main, M.E.A.S. . . . li. 

eZ, Statics anb L\-KAUicg, by T.Bakor, C.E la, 

BS, Sfi'- Mechakism and Pealtical Conbtul-ction op Maculnes, On 

Tools and iraihliK^a, hy Jamud KiisiiiyUi, C.E ii. 6rf. 

98, UKJ. Katjticai Astuonojii and Navigatiox, by Prof, Toung. 2 Tola. 

inl 2*. 

inO' . Navigation Tahles, eompaed for practical use witb Qie above li, (5d. 
LOL DiFrEiiESTiAL Calculus, by Mr. WoolhouBc, F.B.A.B. . . . Ih 
^ni*. WEioaTS ASD Measuues op ah. Nations ; Weighla, Coina, and 

tlio vaiiooa Divisioaa of Time, ivitb the priuciplca whicii dotcmiino 

Bates of Exchange, by Mr. Woolhouse, P.E.A.S, . . .1*. 6rf, 

102. Inteoiul CALCCLUa, bj IL Cos, M.A Is, 

103. iMEOiiAL Calculus, Examples of, by James Hana . . , . Is. 
'HI-. QiFFEitEMiAL CALCULUS, Examples of, by J. Huddoii, M.A. , , li. 
Wo. Alorhiia, OEOMirriiT, and Tk-igonometuy, Mncmonical Lessons, by 

tlie BoT. T. Fenyngton Kirlcronn, M.A U.6d. 

Ulfi, Suii'S' Ancuoks i-OE ALL Sehvices, bv George Cotsell, upwards of 

IQD iUustratioDs . . . . ' .. . . . . k, Gd. 

107. Methopolitas Builblsgs Act, in present operation, with Kolfls 2t. Gd, 
lOR. METiiopOLTCAii Local Manaoe-hext Acts . . .' . . li. 6i. 
100. Limited Liawlity and Pahinehship Acts . . . . 1». 6d. 

110. Sex Hecent LEaisLiTrvc Enactmests, for Contractors, Mercliaiita, 

and Tradesmen 1/, 

ILL HuisANCES Eejiovai, asd Disease Prevention Act . . . . 1», 

112. Domestic Medicine, by if. Raspuil It, 6(L 

113. Use of Field Aii.tii.leuy on Sehtice, by Cipt. H, UaswoU, B.A. It 6d. 

lU. On Maciiisery; The Miicliine in its Elements, Practice, and Purposo, 

by Chns. D. Abel, C.E., wood-cuts U.Gil. 

115. Atias of Plates of seveual IlLvds op Machines, li plates large 

-Mo i'.Gd. 

LIB, KcDiMENTAitT Theatise ON ACOUSTICS : Tho Distributioa of Sound, 

by G. E. Buruell, C.E ■ . U. 6d. 

117. Ott Canal Enoinebrino and Ahtifioial HAnaAnoN, by O. E. 

EumuU, C.E Is. 6(2. 

lis, 119. On the Civil ENauiEBHmo op Koeth America, by D. Steven- 
son, C.E., 2 Tolfl. in 1 3i. 

132. On Hydhaulio Enoineeiuno, by G. B. Bumoll, C.E., 2 vols, ia 1 , 3j. 

121. On EivER Engineering and the CoNaTRUcnoN of Docks amd 

IlAaDOuaa, by G, E. liumDll, C.E. Vol. Ill 2s. 

132. On Pluiiis, by G. E. Bumell, C.E li. 

133, O.f Cabpentrt and Joinery, founded on Dr. Eobison'a Work, with 

123*. AiLA£ TO DITTO 4a. Gd. 
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124. Qy Hijoyfi fob Public and Piiivatb Buildihos, founded on Dr. 

Uiiljisoii'B Work li, 6d. 

Kecently cosstrucied Iron Koors, Atlas of plates , .is.Sd. 

120. Os THE COMIIUSTION OF CoAL AND THE riirVKNTION- OF SmOKE, 

Clif'iiiicilly mid Practically ConsiJc red, Lv Chai. Wye Williams, 

M.I.C.ii " . ( TLu 2 vuls. 1 , 

120, niusmitwna to ditto I in 1. f **• 

127. Eri)iMF,>-T\iiv Asn Practical Issriu criONS in the Aiit of Auchi- 

TECTUB-\i, iloiffiiJ.iNO, with ilUistrotiona for tho Practical Appli- 
cation of tlie Art, by J, A. Ritlinrdion, Atoh, . . . Is. 6if. 

128. The Ten Hooks or il. ViTiitn-res on CrviL, IfiLiTAKT, and Naval 

Ahchitecture • tcunilatcd by JoecpIi Gwilt, Arch., 2 toU. in 1, in 
lAe press 2s. 6d. 

129. AtxjVb of Ii-LusTRAiivB Platbs TO DirTO, in Ito, vrith the TignetteB, 

designed by Joseph Gandy, lii (/i«j)vm .... 4a. 6rf. 

130. iNTKOllUCnON TO THE StUDY AND THE BbACTT OP QbEQIAH AltCEI- 

XECTURE, by tho Bight Hon. the Eail of Alierdeeii, &o., &e., &o., 
mtheprtu U. 



MB. IWIiE'S 
NEW SERIES OF EDUCATIONAL WORKS. 



1, 3, 8, 1. CoireTITUTIOKAL HiBTOBT OP BROLA^, hy If. D WnpiiHtin . 4t. 

fi, 6. OtmnHBS OP THB HiBTOKT OB GosscB, by the mme, 2 vela. . 2». 6i. 
7) 8. OuTLiMXOFTaBEiSTOKTOFBoKBibyaiemiie, 2ToIa. . 2t.6el, 
9, 10. CHBOKOLoay op Crrn, akd Eccusushoai^ Histoky, LrrsnA- 
TusB, Abt, and OiviU8A.Tioif, from die earliwt f enod to the 

piMBnt, 2 vol* 2g.6d. 

II, Qraiouk of THB Enolkh Lanouagb, by Hydo Olarke, D.C.L, . l«. 
11*. Hakd Book op Coupabatitb Philommjt, by the Bamo . . . 1». 
12,13, DlonoNART OP THB English Lakouaob. Anew Dictionary of 
the English Tangao, as apokcn and written, above 100,000 words, 
or 50,000 more than in any eiiEting work, by tho same, 3 vols. 

in 1 3s. ed. 

li. GniMSfAB. OF THE Greek LANGUAGE, Ijy H. C. Hamilton . . . Is, 

15, IG. IllCTIOXAHY OF THE GnEEK AND EsGLISII LASQUAOEa, bv II. R. 

Hamilton, 2 vols, in 1 ■ 2*. 

17, IS. ~ ENf]LI^II AXD GliEEK L.iN'GUAGE3, bv tllO 

tiimc, 2 v,-ls. ill 1 . . 2j. 

10. Gramjiar OF THE L.ATIN Lakouaoe, by the Ecv. T. Qoodwia, A.B, ■ 1*. 
20, 21. BicnoNART op thb Latin aus Ekolish LABOUAGBa, by the 

aame. Vol. 1 3*. 

22, 23. Enolibh and lAXtff LuranAQES, by the 

Bime. Vol. II 1.. M. 

24. Qrakmaii of thb F&mca Ijjjopagb 1*. 

• This work, translated by a aoholar and an nrchiteot, was originaliy publiabedat 
Sea. It bears the Uglieit Tepotalion, and being now for tha firat timo Inued In this 
Bodea, Ibe student ud tha toholar will lecdve it aa a been from the gifted traaalutot. 



Digilized by Google 



20 EDUCATIONAL SBRIB8. 

25. DiLTioNAiLY OF TEEE Fbbhoh iHD ENGLISH LUfOTAEFBS, bv A. Elwea. 

Vol. I !«. 

26. -EHOLua AKD Fbbngb lAvwsLata, W Qif tame. 

Vol. H. I*. 6A 

27. QxAuiuB OF THE bUAAH I^ouAOB, I)y the Hme , , . , If, 

2S, 29. DiCIIOITAST OP THB IXALUH, ESOUSH, AND FeSSCE IiAKOTIAOBa, 

brtheBome. Tol.Z. I 2t, 

SO, 31. BiraiJSB^ TXXLUS, AKD FBSKCH ZuUtaTTAOBS, 

by tlie tame. Vol. IL 2i. 

32, 83. ■ — ' ■ ■ Fbbnoh, Italuit, ard Enqush LiKoirAaES, 

bytliesame. Vol. Id 2t. 

34. QsAuiua o? THB SpAmsH Lakouaos, by tiio same . . . 1i, 

35, 36, 37> 36. Dictiokakz of tbx Sfakibh akd Ekoush Laxodaoes, 

the Bame, 4 vob. In I ia. 

39. GiLAirUROFTBBGmUIAJTLAMOTJAOB If. 

40. Clarsical Qebmati Kbadeb, from tlie hest authors . . . . 1*. 

41. 42, 43. DrCTioNAniES of the English, Geriiam, akd FttEKCn Las- 

CL'.tOES, bj N. E. Samilton, 3 toU., GOpurately It. eacii . , 3j. 

44,43, DicTioNAHT OF THE Hebrew AND E.NCLisi! Langti-^ges, eotitnin- 
ing tlio Biblical and Hnbbinicnl words, 2 vols (togetlier with the 
Grammar, vrliich may bo had separately for 1j.) by Dr. Bresslau, 
Hebrew Professor 7*. 

16. English akd Hsseew Lamotjaqes. Vol, III. 

to complete ..■ , , , . Ss, 

47- Fbsnoh AMD Ekqlish Pheash Book la. 



THE SERIES OF EDUCATIONAL WORKS 

Aretm taleintviaMnda ofhimdiitg! Ihe me for tut in CtHUga andSi^ooU 
and the other fbr the Iiibrari/. 



Haiultok'b Outlikbb op the Hibtokt op Enolasd, 4 rola. in 1. Btnmgly 

bound in cloth 5i. 

Ditto, in balf-meiooco, ^It, nuirbled edges • • , Bt.Gd. 

HisTOKT OF Gbbecb, 2 Tola, in 1, bound in cloth > > • ,5a. Sd. 
Ditto, in lialf-moroodo, ^t, marbled edgei *.*••> 4<. 
HisTOET ofBoxe, 2toIs. inl, boundinclodi . , . . . 3«. 6£ 
SiltD, in huU-moTocco, gilt, marbled edgea it, 
Ckbokoloot op Civil and Ecct.esiastioai, Hkioby, LnzaATtmB, Abt, 

&0., 2 vols, in 1, bound in clotb . 6A 

Ditt^i, in half-morocco, gilt, and matbled edges . . > .4*, 

Ci.askb'b DicnoiTAiiT of teb Ekqldh LAKonAQE, bound in olotli . 4«. dd, 

, in helf-monKoo, pit, marbled edges 6», 

, bonnd with Dr. Cufixn's EwoiiflH QaAiocAB In aloth , St. 6d, 

D itto, in half-m«ocea, gil^ marbled edgei . . . > Sf. 
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HamII.TOS' B GBSBK AMD XUfOLIBK ftnd EKOLUa AHS QSBEE DlOmurAKT, 

4 Tola. In 1, bound in Dladt Sa. 

D itto, in talf-raorocco, gilt, marbled edges . . . 5s. 6d. 
———Ditto, withtha Grebk QRAioiAit, bound in cloth . , 6s. 

Ditto, with Ditto, in Imlf-morocco, gilt, raatblcd ccigea . Cs, Gd. 

GooDWiii'a L\T1N AsD English and Enqlish and Latis Dictionahy, 2 

\i)ls. iu 1, bound in cloth it, Qd, 

Ditto, in half-morocco, gilt, marbled cdfcs 63. 

DItfo, with tho Latin Grammar, bound in cloth . . 6:ed, 

Ditto, with Ditto, in half-morocco, gilt, inorblcd odfiea . . 6s. 

El'wzs'bFbekch AND Enolise and Smolisu and Fbench Diohokart, 

3Toh. iiiI,iii«lotlL . . 3t,6d. 

— , - Ditto, inhdlf-moroMO, gOt, maifaled edgea ig.- 

Ditto, with Uie French Qbahmab, bound in eloth . . is, 6i. 

Ditto, with Ditto, in half-morocco, gilt, marbled edges . . ■ 6s. 

FnEKCU AND Enoltsh Philase Book, or Vocabulary of oil CoTivcrs^f ionni 

Words, bound, to cany in the pocket Is. GJ, 

ElIVIS'S ItAI.IAX, ENBT.ISn, ANn FltEKCn,— };^-(iI.ISH, iTAt.IAN, AND 

TuENcn,— FunNcii, Itali.vn, and Ekglish DicnoNAHT, 3 vola. 

in 1, bound in (jlolh Js. 6d. 

Et-n-F-s's Ditto, in balf-mnrocco, gilt, marbled edges , . . . 8s M. 

Ditto, with tho GnAJUtAit, hound in cloth . . . , Ba.Sd, 

Ditto, with Ditto, in half-morocco, gUt,milibIededEM . , 9». 

■ Spanish and English and Enolish and SpANIss Dictiokaxt, 

4 vols, in 1, bound in cloth , , , . . , ,,63. 

Ditto, in half- morocco, gilt, marbled edges . . . . Bi.Gd. 

Ditto, with the Qrammab, bound in cloth fo, 

Ditto, with Ditto, in half morocco, gitt, marbled edgea . 6*. 6rf. 

Hamilton's Enolish, Gekman, and Fkekck, — German, TitENCif, and 

ENtiLTSH, — FuENCH, German, AND English Dictionary, 3 rob. 

in 1, bound in cloth is. 

— - Ditto, in haif-moroeeo, gilt, matbled edges ... 4?. SJ. 

Ditto, with tho Qbajocab, boundin cloUi 5s, 

Ditto, with Ditto, in holf-moroeco, gilt, marblod edges . 5s. Oil. 

BoESSLAc's Hebri^ AND English Dicttonart, with the GnA^ttMAii, 3 

vols, bound in. cloth 12s. 

■ Ditto, 3 Tols., in half- morocco, gilt, murbled edges , , , 14r. 



Now ill t/ie coarse of Puhlieation, 

GREEK AND LATIN CLASSICS, 

Frioe It. p«r Tolumo, (aicept in some instanceB, aud those ors It, 6d. or 
2s. each), very neatly printed on good paper. 
A Series of Volumos oontcdning the principal Qreek and Latin Authors, 
acoompaoiad bj Explanatoiy Notes ir English, principally selected from 
tiie beat and most recent Qaman CommeRtatorSj and comprising all those 
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OLASBIGAL BBBEBS. 



Works tiutt wrm eaeoitilal tta Hm Sekslar and the Pupil, «ad i^pliotbla for 
Hie UiuTenitiM of Oj£ai, Cambridge, Zdinbrngb, Qhugow, Aberdeen, 
and Dublin,— Qie Collegea at Bdtet, Cock, Qabn^, Winoheater, and Eton, 
and tiie great So&oola at Hmtot, Sa^, fto.— bIho fat Primta Tnition and 
InatraotioD, and tor the Iiibraty. 

That that are TUit priced artm(h« Preu. 
LATIN SERIES. 
1 A new LiTiN IhaacTun. ti^itracu 



liiiDiL'x: OriLtiuUii lijr Jrl 

MiLroBlliu. An. 
CicEBO. DaOffidlB. 
uicmo. De AOiidtia, m 



KotM , 

2 Ombix.'b ( 

Ojlluo VABiwitnuramc 
and EzpUnaiory notes ii 
liahi and a uK>|{mini(iiu 



nnddoQbtM ^nrK. 
lIBh Notes . 
B TiMiL'fl JlNEmniu 

' ^nBlS No! 

oiplanstlDn ui -itio 
r HoRiCE. Satin:* i 



8 Bi^QBT. CoiupuMj or UatllillU. 
JngnrtUiM Tir . .if. 



I'Eoi'EK'iiuH, imu jjCcniTiua. 
I Selections fromSDnomoaaiidtbe 
later IaUh Vtitan. . . IaU 



GREEK SERIES, 

ON A aimUK CLA>' TO THE LATIH BEBIES. 

51 EnRipmEa: Hecuba. 

; Hippolytus. 
; AlccHt^. 



S UouEE. Iliad, i, 
e RouER. Iliad. V 
T Homeh. Jliad.x 



Odyaaor, i 



2 HOU£!t. OdvSMV. sii. tl xxiv- 

and Hymiia: 

3 Plato. Apolo^. Crlto, aad Fhfl 

i UcitODOTII^ iu. to IT. 

.fl MEBomrrmi t. ti. fled part of 7t 
,T HBaoDonrB. Romalndor of vl 

Till. ■ * ■ 



lipua ColoaEeus. 

itlgons. 
; AJax. 
; fWloetetes. 



99 MOFHOCLKB. ExtracU IVom Uu 

:iD ;l;3ci!T[.nnf Pmmethans Vinctoa. 

SI .Eaoiivms. PeraiB. 

.r.tcii'ri.va. Septem coBtra lltBtiaa. 



37 PuiTABOH, Select Uvea. 
-II Aribtofuanes. Clouda. 
.10 AmsTOPUABEi troga. 
to AHiETOFusKB. cwiscuouB Arointlie 
remaning Comediea. 

11 !rBDCII>II>I8, L . 1 • • lA 

12 THDCTDims, iL 

43 Tbeocbikis, Select lajit, 

tt Pt»IUB. 



LONDOK : JOHN WB&L^ HIOH 
VSttLBSALB ACranX^ LOOKWOOD « 00., 7, 



sAU.ootrai;&a 
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W0BX3 IH QSKERAL LITESiTtmB P9BLISEED BT lOCEWOOD i CO. 



USEFUL ABtTHMETICAL WORKS, BY DANIEL O'GORMAN. 

rNTUITIVE CALCULATION'S ; 

The moat Condea Methods eier publislied. Designed for tte use of jlU C1;lssce— 
Bankers, Brewsre, EnglQeeta, Lautl Surveyore, Uaiiiiftieturtrs, lliirtliLiuta, Wiiia aiil 
Spirit Merchants, Timber Jlerahiuts, FrofcBBOis, Teocliara, &c. With au Appeudli: on 
Decimal Computation, Coitifl. nnd Currency. By Daniel O'GoBMiN. 23nd Etlition, ra- 
viaedbyaLiceutlato of the Cullegoaf Preceptors. SOtbThoasand, crowuGTO, Si. &1. ctotb. 

AH OEIGUTAL AND COMPEEHENSIVE SYSTEM OF SELF- 

IHBTBUOIIHQ BOOK-SEEFINQ BT SmOIiB AKD DOUBLE ENTBT. 
H«n BdltloD, 8n>, ptlee Gi, dotii. 

THE PRDTCE OP WALES'S NE^fV TABLE-BOOK, eompaod 

from the "lotiiitiTe CnlculatiDiui" smbracing all the Tablos in Mouny, WeighU, 
and Measures, necessary for Iho Arlthtoettelim; with Nbw Tablea of Doeimal 
Coins. Sew Editien, l^me, Sd. atitclisd. 



WORKS BY THE REV; WM. HARRISON, RECTOR OF BIRCH. 

THE TONGUE OF TIME; 

Or, the Language of nChnrchClook. By William Hirsibon, A.M. of Brazcnoso Cui- 
'— . Oxford 1 DomaaUe Obaplatii to H-B.H. ths Duke of Cambridge ; BectorofBireh. 
IX. Gth Edition, witli besutlflil Froutlapleca, fcap., reduced to Sl, doth, gllledgca. 
.Ilia li ■ tpUtnl Utfh tnttH, tatcndgd M I bcnn of the to to Oe (diAcukm ot the huL'— 
Impioi* piututUjr ud deretinulljr tht twlbt | C kiii h uWi JfuUllr MnkK. 

TSE 8HEPHEBD AND HIS BHEE7: 



2nd Edition, enlsised, fcsp,, reducod to 2i. M. dotb, gilt .dgea. 
COSSECEATED THOUaHTS ; 

Sad Edition, corrected, fcap, St. M. aloth, gilt edges. 

SEBU0K8 OS THE COirBIAin>UEHTS, 
Ind EditdoD, ocni«at«d, tap., it. cloth. 



MANUAL FOR THE BEREAVED. 
2iid Edition, tbap., reduced to li. 6d. cloth, 

HOUES OF SADNESS; 

Or, InitructioD and Carofort for tha Uoonur : conaistliur of a Soleotioti of DsvotioDul 
ModltatkmB, iDetnictWe and Conaolatwy Btdeol' ~ - . . . 

team vatloiu Authon^ anltabla tar the banned CI 



Cheap and Entertaining Boobs for CbildreiL 

THE STORY OF THE THREE BEAKS. 17tli Edition, with 
lllufltrotions, oblonp, now reduced to Cd. cewcd. 

THE GEEAT BEAR'S STORY; or, the Tizier and tho ■Woodman. 
Wlb lUMbmtkn^ oUong, soiiT ndnocd to 6d. leved. 

AN HOTIE AT BKARWOOB; (w, Tlie Wolf and the Seven Kids. 
With nimttntton^ dbioag, now reduced to td. anred. 

THE THKEE BEARS AKD THEIR STORIES; beiDg the above 
stories in 1 Ti^, with numerous llluBtmtloii%iBdiioedt4Sk, oUong, Soth lettered. 

THE UGLY DUCK. By Haitb Andkksbh. Vendfled; and dedi- 
cated ta the Beadera of " The Throe Dun.* Vtm tDnalntUoita Iqr WnaxUn 
Oblong, now reduced to ed. sewed. 
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WORKS IK BENEHAL LlTEaATPBE HIBLISHED BY LOCKWOQD * CQ. 

ELEGANT CHRISTMAS, NEW YEAR'S, AND BIRTHDAY GIFTS. 

Kiutli Edition, fcap. Svo. clotli. gilt edges. 503 pp., price Bj., 

TRUTHS ILLUSTRATED BY &RBAT AUTHORS. 



rhlid trillion, rcip. 8VD. cloth, gut od^'L-s. ^ju pp., prica Si 

THE BEAUTY OF HOLINESS; 

Or, the Praetica! Cliiistiau's Daily Companion : being n Collection of u 
ThousBod !lef!c:<:tive and Spiritual Taaaagcs, Remnrkalilo for their Hubl 
and Practicahilicy 1 selected Irom tlio Baered Writiiii 
timn, each comiiiising a different Theme for itediti 
llluBtratod by Gix'st AutliorB." 

SecoDd Sdlllon, leap, Sto, oloth, gilt odgoa, tiaalv TOO psg«L nitli bwnUful 
VigMtto mOo, BrioB Si., 

PHTLOSOPHT OF WILLIAM SHAKESPEABB. 

De11neeUiig,lDS9TBDEaDdredinidnil]rPaH^«aMl«ted(M>m hlB Fln^ tbe HnlU- 
fonu PhiuoB of Uia Human UJnd. With Indax and Befbranoci. Cotlalid, Eluatdated, 
and AlphabelioatlyaTiBtiged, by theKdlf ors of " Tcutha Oloatnitod b; Omtt Autboit.'' 



18 nwu. nlthbmiUfDl UntedHliuHnpli 
^ of Ubrlts Betor>- — ■—«- 

SONGS OF THE SOUL, 



THE SU NBEAM STORIES. 
Nowmdy, tli« Thirtr-ueond Edition, price 

A TRAP TO CATCH A SUNBEAM. 

Aim l>j Ihc same AiUUr, 

J iTOJiE." 2j. cloth gilt o«Ti ■mv, wrnvjo-i tiie eock. 



tm DBBAU (SSSn. niiutrated by 
J^im OovwiH. it. Bd., vhih a beau- 
UCal fimcy cover. 



OLD JOTilFFE, not a Goblin Story. 1». 
THE SEQUEL TO "OLD JOLLIFFE." 1«- 

" tn iDllitii; a klmplfl ■itnT7,jind 111 (ht iDtUnfiiBnle' 4l>Jota«tli* ABUuvtmodlkd li/l^inilen 



" ONLY ; " 11 Talc for YotmB and Old. ll. 

T]|F. ClOm WITIlTUr, SILVEilUNISO. 
"i MElir.Y CHP.ISTM.\S," H- 
THE STAR IN THE DESEBT. i«. 

smrnn wold ; or. csoss pubidses. 

B«<rand BdiUoo, it. Sd. doCh. 



Bisffln- - «M, Printm, WUlebUR. 



DigiUzed By Coogle 




I By Google 



